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Preface

The concept for this research was born of the mating of my interest in

leading edge computer applications with my delight in human expression.

Although I was totally unaware of the existence of machine translation systems

before stumbling across an article in the AFIT library, I am now pleased to

consider myself an informed novice. My background is in Physics and Aeronautical

Engineering, so my foray into the fringes of Computational Linguistics is perhaps

somewhat presumptuous. Nevertheless, I believe that this thesis presents a

useful, albeit small finding.

From the beginning of this project, I was ably guided by my primary thesis

advisor, Dr. Charles R. (Dick) Fenno, who helped me mould a vague idea into a

focused and manageable research project. Major Steve Teal was also helpful in one

of his first incarnations as a thesis advisor. I am grateful for the advice and gentle

suggestions provided by both.

I am also rather indebted to two representatives of commercial

organizations. Colonel W.H.I. Moos, US Marine Corps (Ret.) of Globalink, Inc. very

speedily provided me with a copy of the latest version of their GTS machine

translation software at a critical point of the reseamch. His speedy and generous

action averted a major disruption to the project. Miss Anja Krammer of NCR, was

also a great help in eliciting the cooperation of two professional translators to act

as evaluators. Her involvement doubled the number of evaluators available to me.

I am also grateful to Mrs. Carole Carlson and Mrs. Federique Goodall, the

other two evaluators who participated in the research. In addition, I would like to
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thank all those AFIT faculty and staff who helped me along the way in some way

or another. I would be remiss if I did not make special mention of the AFIT

library staff who processed a large number of inter-library loan requests on my

behalf.

Finally, I would like to thank my wife, Robyn, who not only acted as a proof

reader, but who solidly supported my efforts from go to whoa. Without her

patience and cooperation, I could not have successfully completed this project.

Edward (Ernie) J. Walsh
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Abstract

This research sought to identify stylistic guidelines which could be used by

the authors and editors of English language texts in order to improve the quality of

subsequent machine translations to other languages. A literature review was

conducted to provide background information and to determine what guidelines

would be appropriate. Nine guidelines were developed on the basis of the review.

The guidelines were then tested. They were applied to five paragraphs from a

Royal Australian Air Force technical publication by the researcher and an

independent volunteer. Both the resulting texts and the original paragraphs were

translated into French using the Globalink Translation System and the quality of

the translations obtained was evaluated by four human translators. While the

translations of the paragraphs which had been edited by the volunteer were

significantly better than the translations of the original texts, the translations of

the paragraphs edited by the researcher were not. Use of the guidelines by

authors and editors cannot be recommended on the basis of this result. However,

analysis of the conduct and results of the research suggested potentially fruitful

alternative approaches to the development and testing of guidelines. These

approaches are presented as specific recommendations for further research.
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IMPROVING THE QUALILTY OF MACHINE TRANSLATIONS BY
PROVIDING STYLISTIC GUIDELIN-ES TO AUTHORS AND EDITORS

I. Introduction

As the quantity of international communications increases, so does the need

for translations between the various languages used throughout the. world (93:166;

106:16). However, an insufficient number of skilled human translators are

available to meet these growing translation needs (65:58). Consequently, machine

translation systems have been developed to perform some of the requirtd

translation. Machine translation is a term which is widely used to describe the use

of machines as an aid in the translation of text from one natural language to

another. In this context, a natural language is a language spoken or written by

people (48:91) in order to communicate with each other.

The most capable modern machine translation systems can perform detailed

analysis of input text, and can subsequently transform the original text into an

accurate representation in a target language. However, even Lhe most advanced

systems make errors in translation because some input texts possess

characteristics which render tl-ý2m difficult to analyze. Less advanced systems are

even more prone to erroneous translation if the input text is difficult to anaiyze.

In recognition of this difficulty, some researchers have suggested that the

composition of texts should be Lontrolled to facilitate more accurate machine

translation (69:77; 89:35-36).



Military Applications of Machine Translation

One of the earliest machine translation systems was developed for the

USAF to translate from Russian to English (63:241; 12:6-1). Other military

applications have followed. The existing and potential applications of machine

translation within the military fall into three broad categories. The most common

application is the translation of foreign source documents for intelligence purposes.

The next most common application is the translation of documents such as

maintenance publications into the language of an allied country. Finally, an

application which is not yet widespread is the translation of operational documents

within multinational forces. In an era of increasing international military

cooperation, the application of machine translation within the military is likely to

become more widespread as the systems become more capable. However, if

machine translation systems are to become useful in operational military

environments, they must be accurate.

Problem Statement

Although it has long been recognized that the characteristics of input texts

affect the quality of machine translations, a general set of stylistic guidelines

which could be applied by authors and editors to produce texts which are

predisposed to high quality machine translation from one language to another has

not yet been developed.

Research Objectives

The objectives of this research were to determine what set of stylistic

guidelines should be applied to English language texts in order to improve the
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quality of subsequent machine translations and to test the efficacy of the

guidelines developed when applied to RAAF technical documents which are

machine translated to French.

In support of these objectives, the following sub-objectives were pursued:

1. Identify passages from published sources which provide relevant

guidance.

2. Develop a set of guidelines based on this guidance.

3. Test the efficacy of the guidelines.

The methodology which was applied to meet these objectives is described in

chapter three.

Thesis Outline

Chapter two of this thesis contains a review of the literature and provides

further background on machine translation. In addition, the operational

weaknesses of machine translation systems and the approaches taken to

overcoming these weaknesses are examined. Chapter three provides a detailed

description of the methodology which was applied, and elaborates on the scope of

the research. Chapter four describes how the guidelines were developed and

presents the proposed list of guidelines. Chapter five describes how the efficacy of

the guidelines was tested, while chapter six discusses the results obtained.

Finally, chapter seven presents the conclusions and recommendations arising from

the research.
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II. Literature Review

Introduction

This chapter reports the findings of a literature review performed to provide

background information for this research project. The reasons for machine

translation are discussed, other alternatives to human translation are examined,

and the history of machine translation is summarized. The various approaches

taken to machine translation are then examined and the major operational

systems are briefly described. Research in machine translation and related fields

is also summarized. Finally, techniques for facilitating accurate machine

translation are discussed.

Reasons for Machine Translation

Although some scholars believe that all modern languages derive from a

single ancient African tongue (40:55), the differences which now exist prevent most

people from mastering a second language (88:37). In an age of increasing

population, increasing literacy, and increasing multinational activity, this

fundamental human communication problem has led to "a definite and increasing

need for translation and translation services on a worldwide basis" (93:166;

106:16). In Canada, where "the Languages Act 1969 requires all government

documents and publications to be made available in English and French,...

translators process up to one million words (pern day" (1:67). At the European

Commission, which is "the administrative arm of the European Community...

1,000 translators churn out an estimated one million pages of text" every year

(28:102-5) and "the European Parliament is spending more than half of its budget
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on translation" (103:8-1). Unfortunately, there are not enough human translators

available to meet these expanding translation needs (65:58; 106:16; 135:64).

Furthermore, the cost of human translation is high (41:RT-46; 138:31).

"The annual bill for translation in the seven languages spoken by people who live

in the countries that have five million or more inhabitants has been estimated at

$15 billion" (63:238). The appropriate use of machine translation systems can

reduce these high translation costs (21:23; 62:10-14; 99:118; 104:152; 118:47).

Machine translation systems can also provide faster translations (119:33;

126:100; 133:203) which feature more consistent terminology (2:150; 99:116-117;

104:152; 137:145). Thus, translation lead time can be reduced (104:152), and

productivity can be increased (102:126). Machine translation can also be

convenient and secure (118:48), since those requiring translations can usually

process the translation themselves without involving an outside party. It is

particularly appropriate when a translation is required for assimilation rather than

dissemination since the quality of the translation need not be so great (91:1-2;

106:3).

Finally, the development of machine translation systems can lead to

advances in the related fields of linguistic theory, software technology, natural

language processing and artificial intelligence (77:4).

Loll Rolling of the Commission of the European Communities ably

summarizes the reasons for using machine translation. "The objective of machine

translation is to produce translations, for someone who needs them and who is

willing to pay, either to receive a quicker, a cheaper or a better translation then

human translation can supply" (96:187).
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Alternatives to Machine Translation

Machine translation is only one method of coping with the large volume of

translation requirements. Another approach is to write documents in a form which

can be understood by more than one language group, eliminating the need for

translation.

The development of the Esperanto language by Ludwig Lazarus Zamenhof

in 1887 (15:418) was an early attempt at universal communication. Esperanto

uses word bases common to many European languages, identifies a word's part of

speech by its ending, is extremely regular in its conjugation of verbs, and features

simplified inflections. Because of these features, Esperanto is easier to learn than

natural languages. However, despite its advantages, the use of Esperanto has not

yet become widespread, although some scholars continue to argue for its adoption

as the international standard second language (1.1:71-76).

Another approach to universal communication is the use of various forms of

simplified English (34:26-27; 13:217; 39:91). These subsets of the English

language, which "include Controlled English, Simplified English, and International

English,... [are intended to] make documents in English easy to read and

understand" (13:217). To date, these systems have been used primarily to write

maintenance publications intended for use in many different countries. The first of

these simplified English systems was Caterpillar Fundamental English which was

developed for the Caterpillar Tractor Company in 1971 (34:24). Although

Simplified English is being widely used throughout the international aerospace

industry (92:4-5), simplified English systems are not likely to be universally

accepted because of their limited range of expression. While they are able to
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describe maintenance procedures effectively, they are unable to cope with more

complex language such as the description of machinery operation and design.

Universal communication through the use of a standard international

language or language subset is feasible, particularly for limited applications where

the intended reader can receive at least limited training. However, widespread use

of such approaches is unlikely in the near future. Consequently, it will continue to

be necessary to translate documents from one language to another.

The History of Machine Translation

Early Efforts

Research in machine translation commenced in 1946 (116:91; 111:854).

Although the research was limited by the poor performance and high cost of

contemporary computers, sufficient progress was made to attract US government

grants in 1954 at Georgetown University, and in 1958 at the University of Texas

(63:241). "By 1965 these two systems, and another developed.., for the US Air

Force were in full operation" (63:241). However, the input overheads, post editing

requirements, and high cost of computer time resulted in high cost systems

(63:241). Despite the steady progress in the development of systems, the

Automatic Language Processing Committee (ALPAC) of the National Research

Council concluded in 1966 that machine translation was unproductive and

unnecessary (63:241; 82:33; 106:1). This critical report resulted in a marked

reduction in machine translation research. "By 1973, . . . only three government-

funded projects were left in the US, and by late 1975 there were none" (106:1).
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The First Practical Systems

Despite the ALPAC report, some research continued, particularly in the

private sector, where companies recognized a ready market (106:1). Systran, which

was adopted by the USAF in 1970 for translation of Russian texts to English was

among the first systems to see operational use (69:76).

Recent Developments

During the last ten years, many other systems have been developed, and

many more are currently being developed (106:1). One of the most ambitious of

the newer systems is Eurotra, which is being developed by the European

Community to translate between any combination of its member nations' nine

languages (28:102-5). The project commenced in 1983 (7:979), and has taken 160

researchers (129:160) and approximately $30 million (28:102-5) to develop thus far.

At the other end of the cost spectrum, simple translation systems are now

available for personal computers for $2,500 or less (107:147; 98:302; 19:51).

Research has not been confined to translation of the European languages.

Many systems are either operational or under development in Japan,. some under

the sponsorship of the Japanese government (24:102-13-102-14; 63:242). A few

systems have been developed to translate between Chinese and English (51:95),

and a pilot system for translation between two of the 24 Indian languages has been

completed (94:522).

Approaches to Machine Translation

Machine translation is a blanket term which includes any use of machines

during the translation process. Within this broad field, a range of terminology
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refers to a variety of ways of using machine translation systems (14:RT-58; 100:93;

106:2; 118:47; 117:106-107).

Machine translation systems can use either of the direct, transfer, or

interlingual linguistic approaches (25:2-4; 84:23). The direct approach, which was

the earliest technique developed, involves mapping the input language directly to

the target language, and provides a word for word translation (25:2). Later

systems used the transfer approach, which is a three phase technique involving

analysis of the target language, followed by transfer to a target language symbolic

representation, and finally, generation of the target language (25:2-3). Some other

systems use an interlingual approach, also known as the pivot approach (42:8;

72:113), whereby a universal intermediate symbolic representation is used for all

language pairs (25:3-4; 32:22-23). This eliminates the need for transfer modules

for each language pair (25:3). However, it is the most difficult approach to

implement (100:94).

Levels of Translation

Irrespective of the terminology used to describe systems, or the linguistic

approach used, all systems can be categorized functionally in terms of a model

developed by Makato Nagao which identifies four levels of translation (76:993-994).

Level 1. Free and creative translation which aims at the same mental
reactions by the readers of the source and target languages.

Level 2. Sentence-by-sentence translation in the free sentential style.
Language particularities are fully considered in translation.

Level 3. Literal translation. The sentential structures of the source
language remain strongly in the target language. However, the selection of
translation words is correct from the standpoint of semantics.
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Level 4. Mechanical translation. The sentential structure of the target
language is a crude mapping of the one in the source language, and the
selection of translation word is almost one to one. (76:993-994)

These classifications are particularly useful when analyzing approaches to

machine translation.

Level Four Translation

The earliest machine translation systems and current low priced systems

conform to Nagao's fourth level. The simplest of these systems are little more than

automated dictionaries which provide the operator with a choice a possible

translations word by word (107:147; 10:129; 98:303-304). These systems require

considerable operator intervention or post editing (98:302), but they may still be

effective for language pairs "with similar structures, like Japanese and Korean, or

French and Italian. But this translation level is quite unsatisfactory between

languages of quite different characteristics such as Japanese and English" (76:994).

Level four systems generally do not provide natural sentence structure in

the target language, and also have problems translating homonyms because they

are unable to determine which foreign translation to choose. This problem also

occurs in languages other than English. An example is the French word "avions"

which can mean either "had" or "aircraft" (65:60).

Level Three Translation

Level three systems are a logical development of level four systems. The

main difference is that level three systems perform some analysis of the sentence

structure to determine the syntax of the sentence. This analysis, termed "parsing",

yields a symbolic representation of the sentence which then aids in word selection

and target language sentence structuring (10:127-128). Although these systems
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are an improvement over the level four systems, they are still prone to mis-

translation of sentences because they do not check the semantic validity of the

translation against the original sentence. For example, one system translated the

English sentence "'Daddy is hairy, like a monkey.' [as] the Chinese rejoinder 'Our

long-tressed sire is fond of an ape"' (51:95). Similarly, "when [another] system

translated the English sentence 'The spirit is willing but the flesh is weak' into

Russian and then back to English, the resultant sentence was 'The wine is

agreeable, but the meat has spoiled."' (94:522)

Level Two Translation

Level two translation systems attempt to form a semantic representation of

sentences (43:39-44) in addition to the syntactic representation of the level three

systems. A number of different approaches have been taken in achieving the

overall representation, but each system forms some sort of schema representing the

semantic and syntactic content of each sentence (94:521; 7:980; 10:128; 76:994;

80:73; 74:420; 33:170). Schema frameworks can be designed to suit a specific

language pair or to be language independent. The advantage of language

independent representations is that the same representation may then be

transformed into any target language, whereas language specific representations

are only suitable for unidirectional translation of a unique language pair. The

systems which use these two forms of representation are known as interlingual

systems and transfer systems respectively (94:521-5; 7:980; 128:24; 24:102-14;

51:95; 98:303; 79:126-138).

Although level two systems produce more accurate translations than lower

level systems, some potential for mis-translation remains. The major sources of
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such errors are semantically ambiguous sentences such as "I saw a man on the hill

with the telescope" (94:523), or "it is advisable to avoid flying aeroplanes" (86:95),

which can be interpreted in a variety of ways. Each potential meaning may have a

different translation in the target language (94:523). Although a human translator

can probably select the correct interpretation from the surrounding text, machine

translation systems are not yet capable of such abstract inferences.

Because of the complexity of the required software, many level two systems

are written in high level programming languages such as Lisp or C-Prolog

(129:165). This approach leads to efficient programming and easily maintained

systems. However, researchers are discovering that the inherent operational

inefficiencies of the high level languages are resulting in unacceptable translation

speeds for the more complex systems. Consequently, systems are being re-written

in lower level languages such as C, in order to achieve an acceptable translation

speed (80:82).

Level One Translations

Machine translation systems which provide "free and creative translation

which aims at the same mental reactions by the readers of the source and target

languages" have not yet been developed (63:243). Consequently, level one

translation remains the sole preserve of the experienced human translator for the

time being.

Operational Machine Translation Systems

Machine translation systems are currently being used throughout the

commercial, public and private sectors. Users range from large organizations such

as NATO and IBM to private individuals (91:1-2). The demand for operational
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systems has generated considerable development effort and over a dozen machine

translation systems are now available on the US market alone (23:56). Brief

descriptions of some of the current systems follow.

GTS

The Globalink Translation System (GTS) was used in the course of this

research project to machine translate test paragraphs. It is a personal computer

based system which can operate in either batch or interactive mode. Specialist

microdictionaries are available and users can construct their own dictionaries to

cater to their specific requirements. A variety of word processors can be used with

the system, and it accepts input and generates output as either ASCII text or

WordPerfect files. The system is also marketed with an integrated workstation

featuring optical character recognition and laser printer and as a palmtop system.

It is currently available for English to and from Spanish, German, and French, and

for Russian to English (37; 107:147). A Chinese dictionary system is also available

and an Arabic system is under development (70). One independent reviewer

believes that GTS is the best personal computer based English to and from

Spanish translation systems available (68:32).

ALPS

The Automated Language Processing System (APLS) is an interactive

translation system which is integrated with a word processor and was developed in

the US (9:193-194). It is available for both IBM personal computers and Unix

platforms (14:RT-58-RT-59) and can cater to translation from English to five

different languages (90:99). It has achieved sales in Europe (97:164) as well as

North America (14:RT58).
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Logos

Logos Corporation has developed systems for unusual languages such as

Vietnamese (23:56) and Farsi. However, its commercial product, which operates on

•,3rsonal computers, concentrates upon the more traditional European languages,

the first of which was German. It is a batch system which is integrated with a

word processing system and claims some artificial intelligence (38:133-134).

METAL

METAL is a high capacity transfer system which translates from German to

English. It runs on a LISP machine with several translator workstations attached

and is suitable for use within organizations with a high translation throughput

(102:122; 103:8-2-8-4; 104:152; 115:92). The system is being extended to include

translation of other romance languages (102:127).

Svstran

Systran was one of the earliest operational systems, and is now the most

widely used (99:116). It was developed by LATSEC, Inc. (3:4; 36:4; 99:116) for the

USAF, who started using the system in 1970 to translate Russian texts to English

(10:129; 69:76). Although the original system provided little more than basic word

for word translation (98:303), considerable refinements have since been made

(98:303), and it now "translates through analysis of the sentence's syntax" (10:129).

Early development work was performed by two AFIT students who

demonstrated that Systran could be adapted for use as a French to English

translation system (3:56-57; 36:35-38). After further development, Systran was

selected in 1976 by the European Community for translation between English,

French, German, and Italian (28:102-5). It is now in use with large organizations
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such as NASA, Xerox Corporation, and General Motors of Canada, and is available

to smaller users "through on-line terminals and service bureaus" (99:116) and by

modem connection to Systran Corporation (10:129; 81:20).

Systran operates on mainframe computers. It supports 15 language pairs

and more are under development (99:116).

Other Systems

In Japan, Fujitsu's ATLAS was the first commercial English to Japanese

translation system and ATLAS II has since been developed to translate in both

directions and with other languages (44:19; 125:317; 126:93-100). Toshiba's

TRANSAC (5:107), NEC's PIVOT (71:113), Hitachi's HICATS/JE (50:101; 87:141),

Mitsubishi's MELTRAN (22:217), PENSEE (22:219) and TAURUS (115:91) are

among about 10 other systems currently being used in Japan to translate between

English and Japanese (57:111; 78:183).

In North America, Weidner was an early US entrant to the field and is now

in use for translating between a variety of languages (106:8-9). The Pan American

Health Organization developed Spanam and Engspan, which has been operational

since 1980, for translation between English and Spanish (130:115). TAUM-

METEO has been in use even longer in Canada for translating weather forecasts

(46:18). A US system called Computran has even ventured into the competitive

English to Japanese market (59:82-83).

Elsewhere, the Israeli's have developed TOVNA for translation between

English and French (91:1-1), and European systems include Susy, GETA (90:100),

and Titus (97:164; 112:185).
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Finally, a number of inexpensive PC based systems such as PC-Translator,

Spanish Assistant, Toltran, Translator, Translate, and Transactive, are available

(68:34; 19:51).

Current Research

Developmental research in machine translation, which combines the "fields

of linguistics, artificial intelligence, and computer programming" (42:10), continues

unabated. Increasing emphasis is being placed on applying artificial intelligence

and neural network methods to machine translation in an effort to translate

abstract concepts (24:102-14). Efforts are also being made to apply existing

natural language understanding systems to the task of machine translation

(61:157).

US Research

US researchers are not funded as well as their Japanese counterparts.

However, some significant research continues. A 30 member team is working at

Carnegie-Mellon University on an ambitious universal knowledge based machine

translation (KBMT) system (47:36; 120:72-73). MIT researchers are also

developing a universal parser based upon the theories of Noam Chomsky (40:51-

52). In addition, IBM is working on basic research (21:24-25; 91:1-4). Meanwhile,

the US Department of Commerce is encouraging research in translation between

English and Japanese (58:177).

European Research

The largest European project is the European Community's Eurotra. This

project is aiming for translation between any combination of its member nations'

nine languages (28:102-5). Although the project has been underway for almost 10
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years, and has consumed considerable resources (28:102-5), it is still some way

from producing an operational system (103:8-1). In the meantime, European

companies are developing their own systems such as Philips' Rosetta and the

Netherlands company BSO's DLT (103:8-2; 91:8-2). Universities such as the UKs

Manchester Institute of Science and Technology, France's University of Grenoble,

and Germany's Saarbruecken University are also engaged in research (47:35;

131:28).

Japanese Research

At a 1989 machine translation seminar, Akira Kubota of the Ministry of

International Trade and Industry stated that, "in Japan, machine translation has

been of great interest. This is because we deeply feel that the Japanese language is

a barrier to establishing communication with other countries" (56:170). In

recognition of the communication barrier, Japan has invested heavily in machine

translation research as part of the Fifth Generation Computer Project (31:13).

English is not the only language being targeted. The Research Cooperation on

Machine Translation Systems with Neighboring Countries project is also underway

to develop systems to translate between Japanese and other Asian languages such

as Chinese, Thai, Malay, and Bahasa Indonesian (47:35; 124:50-51). The Japanese

division of IBM is also involved in Japanese research efforts and has developed a

system which they are using in-house to translate IBM manuals (21:25).

Research in Other Countries

Canada has a natural interest in machine translation because of its

bilingual policies. Therefore, it is not surprising that the Canadian government is

encouraging research (123:163). Most of the remaining research is beixig conducted
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in Asia. China, Thailand, Malaysia, and Indonesia are all participating in the

Japanese cooperative research project to develop systems to translate between

their languages and Japanese (56:171). In addition, Korea is working on systems

to translate from Korean to Japanese and English (53:172), and Thailand,

Indonesia, and Malaysia are all working on systems to translate to and from

English (108:175; 113:168; 134:113). India is also actively researching machine

translation (94:522).

Research in Related Fields

Until recently, the only input format accepted by most machine translation

systems has been text files stored on computer media (10:126). However, research

into optical character reader technology is now beginning to produce units which

are accurate enough to channel input directly to translation systems (96:1•.9; 101:5-

2). Even systems which recognize Japanese characters have been developed

(58:177). These OCR systems will further boost system productivity (128:25).

A simple system for the translation of speech has been developed by British

Telecom (27:540;, 20:1071; 136:1100). Other researchers are hoping to extend this

work to produce a real time speech translation system in the near future (24:102-

14; 49:70; 86:96; 97:164; 106:11; 135:54).

Natural language processing (NLP) occurs when a computer "takes input in

human language and extracts something meaningful to a computer" (26:25).

Consequently, advances in natural language processing systems such as database

interfaces (26:25) might contribute to improvements in machine translation.

Similarly, advances in artificial intelligence can enhance machine translation (42:9;

60:305).
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Facilitating Accurate Machine Translation

One of the greatest obstacles to accurate machine translation is poorly

written input texts. The familiar rule, "garbage in, garbage out" (93:167; 103:8-11)

applies. Another significant obstacle is ambiguity, one form of which is polysemy,

wherein "a word in the source language has multiple meanings translating each

into different words in the target language" (16:30). This includes the familiar case

of homography wherein a word has "multiple syntactic categories" (16:30; 18:RT-2).

For example "run" can be a noun, a verb, or an adjective (21:24). An example of

non-homographic polysemy is the word "hit", which can translate into a different

word in languages such as Spanish depending on what is being hit and how

(16:30). This is also known as lexical ambiguity because the ambiguity hinges on

the ambiguity of a particular word (21:24). Structural ambiguity is another form of

ambiguity wherein the ambiguity is introduced by the syntax of a passage (21:24).

For example, the statement "I am looking at the person with a telescope" (21:24) is

structurally ambiguous because it can be interpreted in a number of ways.

Some systems do not even notice the ambiguity and default to one of the

possible meanings. However, those systems which are capable of recognizing

ambiguities tend to adopt one of two approaches. The first of these is

disambiguation by asking, wherein the operator of an interactive translation

system is asked to resolve the ambiguity (121:39; 138:33). This is the approach

taken by the ALPS system (9:195-196). Batch systems cannot ask questions, so

they disambiguate through semantic analysis (64:168-170). Other systems use a

combination of both approaches to minimize time consuming interaction with the

operator (85:57).
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Some systems also require that the input conform to some subset of the

input language (17:238-239; 54:156-161; 112:186), such as Xerox's Multinational

Customized English (42:7-8; 106:7). This subset is usually known as a

sublanguage, a restricted language (42:7), or a controlled language (84:37). The

use of a sublanguage limits the range of structures which the system might be

required to analyze, and so reduces ambiguity (54:159-161).

When input text is required to be unconstrained natural language, some

other approaches can be used. Some systems build in fault tolerance, or

robustness, so that the system continues to translate even when a possible

translation cannot be found for a particular passage (8:472). Alternatively, input

texts can be edited in accordance with some criteria after they are written. Tools

such as readability formulas (29:RT-117; 52:38) and grammar checkers can be

useful in this case. However, there is some doubt about how useful readability

formulas are as an aid to increasing comprehensibility of text by humans (95:50).

Consequently, their usefulness in conjunction with machine translation should not

be assumed.

Some machine translation systems include a pre-processing module which

detects portions of the text which are difficult to translate and offers the

opportunity to modify the text prior to translation (6:123). These pre-processing

modules are system specific and are used by machine translation system operators,

rather than authors. Since operators may not be familiar with the subject matter

of the text, there is some chance that the meaning of the text could be

inadvertently altered during pre-processing.
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In recognition of the need for a generic preprocessing tool which authors can

use, IBM have developed an "Interactive Author Assistance Tool" (45:5284). IBM

claims that this tool "provides an online system allowing authors of documents,

which are written in one natural language, such as English, to make such

documents more translatable into other natural languages" (45:5284). The system

processes documents through three phases. Documents are first checked for

correct spelling and are then analyzed for readability. This phase can be repeated

until a satisfactory result is achieved. The document is then parsed and

linguistically analyzed. Ungrammatical or ambiguous passages are highlighted for

correction during this phase. Finally, the document is again checked for correct

spelling (45:5285).

A final approach which can be taken if the texts must be written in natural

language, and a suitable automated tool is not available, is to write in a way which

maximizes translation quality without resorting to a restricted language (87:142;

93:167; 69:77; 89:35-36; 39:91-92; 72:117; 73:78). This compromise approach

maintains, and perhaps even improves, the quality of the source language text

while increasing the probability of a suitable translation outcome.

Conclusion

Machine translation has progressed considerably since its inception in 1946

and future advances in computer technology are expected to lead to further

significant improvements in machine translation (105:93). Some researchers

believe that machine translation systems will eventually be superior to human

translators in some respects (127:100). However, current systems are capable of
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only adequate translation of moderately complex text, and some post editing by a

human translator is still required to ensure highly accurate translations (6:123).

Accurate machine translation can be facilitated in a number of ways. One

way of improving the chance of obtaining a good quality machine translation is

writing texts in a way which is conducive to accurate machine translation. The

remainder of this thesis reports on research undertaken to identify guidelines

which authors and editors might follow in order to produce such texts.
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III. Methodology

The objectives of this research were to determine what set of stylistic

guidelines should be applied to English language texts in order to improve the

quality of subsequent machine translations and to test the efficacy of the

guidelines developed when applied to RAAF technical documents which are

machine translated to French. In order to realize these objectives, some method of

developing the guidelines and subsequently testing their efficacy was required.

This chapter describes the methodology which was selected.

Scope of the Research

The guidelines were developed on the basis of general guidance found in the

literature. Therefore, they are not tailored to a particular text type, machine

translation system, or target language. However, in order to ensure universal

applicability of the guidelines, this research would have had to test the guidelines

with the entire range of input text types, language pairs, and machine translation

systems. This would clearly have been an impracticably large undertaking. In

recognition of the finite time available to complete this research, the scope was

limited. Specifically, this research tested the guidelines using paragraphs from a

specific English language RAAF technical document, and a specific English to

French machine translation system.

The RAAF technical publication which was used throughout this research

was Defence Instruction (Air Force) AAP 7001.038-1, RAAF Aircraft Maintenance

Philosophy and Policy. This publication was chosen because it was readily

available to the researcher. It consists of eight chapters and three annexes. The
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eight chapters contain a total of 386 paragraphs. The paragraphs are typically

from 30 to 120 words long.

French was selected as the target language primarily because it is the

foreign language with which the researcher is most familiar. It is widely used

throughout the international community, which suggested that human translators

would be readily available to assist in the translation evaluation phase of the

research. French is also the source language of some of the RAAF's technical

documentation for French sourced equipment.

Globalink Inc.'s GTS machine translation system, which is described briefly

in chapter two, was used throughout this research. Because it is a PC based

system, it could be used personally by the researcher rather than by a third party.

This approach eliminated the possibility of external intervention during the

translation process.

Globalink supplied GTS Professional Version 3.0, the latest version at the

time of the research. The Professional version is somewhat more capable than the

Basic version since it supports subject-specific microdictionaries which can be

selected by the user when required (37). This feature was not required during the

course of the research.

Outline of Methodology

The methodology adopted for this research consisted of two phases. The

first phase consisted of the development of the stylistic guidelines. This was

achieved by reviewing about two hundred papers and articles for possible guidance,

and then developing guidelines on the basis of the guidance found. The efficacy of
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the guidelines was tested during the second phase. The individual steps which

made up each phase are described in the remainder of this chapter.

Developing the Stylistic Guidelines

The guidelines are intended for use by authors while they are composing

texts which may subsequently be machine translated and by editors while revising

such texts. If the guidelines are effectiw they will help authors and editors to

produce texts which will produce higher quality machine translations than would

otherwise have been the case. The form chosen for the guidelines was a concise

imperative sentence supported by an explanatory passage. This form allows

authors and editors, to refer to the complete set of guidelines and explanations

whenever they wish, while providing ready access to a short summarized list of the

concise guidelines as a reminder during the production of texts.

Identifying the Guidance

The guidance was identified by reviewing the literature to determine what

guidelines had been proposed by other researchers, what characteristics of input

texts lead to good machine translations, and what characteristics of input texts

lead to poor machine translations.

Developing the Guidelines

The wording of the explicitly stated guidelines was modified where

necessary to accord with the concise imperative form adopted for this research.

However, care was taken to ensure that the meaning of the original guidance was

retained.

Wherever sources cited characteristics of texts which could lead to poor

machine translations, guidelines which could eliminate those characteristics were
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written by the researcher. Similarly, where sources cited characteristics of texts

which could lead to good machine translations, guidelines which encourage those

characteristics were written. Some degree of subjective judgement was applied in

writing these guidelines. However, care was taken to ensure that the implied

guidelines were firmly based upon the literature, rather than upon

unsubstantiated inferences generated by the researcher.

Ordering the Guidelines

The guidelines were derived from a number of different sources which did

not suggest any objective order. Although there was no fundamental reason why

the guidelines had to be listed in anything other than random order, the researcher

elected to list the guidelines in what he believed was the order of difficulty of

application. Consequently, the guideline which the researcher believed was easiest

to apply was listed first, and the guideline which the researcher believed was the

most difficult to apply was listed last.

Validating the Guidelines

Since there was an element of subjectivity involved in deriving the

guidelines from the literature, the guidelines, together with the relevant sources,

were face validated by five AFIT faculty. The guidelines were then reviewed,

reworded, and re-ordered in accordance with the validators' comments.

Testing the Guidelines

Some means of testing the efficacy of the guidelines was required. This was

achieved by comparing the quality of three sets of machine translations. The three

sets consisted of the unaltered English text translated into French, and two sets of

text altered by application of the guidelines by two separate English speaking
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writers. Texts which were modified to comply with the guidelines are referred to

as "guidelined texts" or "guidelined paragraphs" throughout this thesis.

Description of the Experimental Design

The experiment was designed to generate and compare three sets of

machine translated texts which were equivalent in all respects except for

variations arising from application of the guidelines. This was achieved by having

two English speakers each apply the guidelines independently to a set of five

English paragraphs. The original set of five paragraphs and the two sets of five

guidelined paragraphs were then machine translated. Finally, the quality of the

three sets of translations was evaluated and compared to determine whether

application of the guidelines had provided any significant improvement in

translation quality. Figure 1 illustrates this experimental design.

Original Application Machine Evaluation

Texts of Guidelines Translation of Quality

1 X O(1)

2 X X 0(2)

3 X X 0(3)

Fig. 1. Illustration of Experimental Design

Selecting the Texts

The set of original paragraphs was formed by randomly selecting five

paragraphs of 50 or more words from the RAAF publication. A sample size of five

was chosen as a compromise between test accuracy and translator workload. Since
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most of the translators who participated in this research were doing so voluntarily

and gratis, it was considered unreasonable to expect them to dedicate large

amounts of time to the evaluation of a large number of texts. An arbitrary

minimum word count of 50 was selected by the researcher in the hope that this

size paragraph would provide ample opportuvnity for application of the guidelines.

In order to randomly select the texts, sequential numbers from 1 to 386

were assigned to each paragraph in DI(AF) AAP 7001.038-1. Sub-paragraphs and

lower levels of paragraph were not numbered. A random number table (67:1161)

was then consulted, and the first three digits of the first random number were

read. If the three digits formed a number between 1 and 386, the corresponding

paragraph was selected, otherwise the next random number was read. If the

paragraph was less than 50 words long, including dependent sub-paragraphs, the

paragraph was rejected, and another random number was read. This process was

repeated until five paragraphs of over 50 words each had been found.

Applying the Guidelines

The guidelines were applied to the set of five original texts by the

researcher and an independent RAAF AFIT student volunteer. The volunteer was

supplied with a copy of the guidelines complete with explanations and copies of the

original paragraphs. He was not instructed to apply the guidelines in any

particular way, but was free to interpret the guidelines as he saw fit. His

application of the guidelines was intended to simulate the use of the guidelines by

an average RAAF author or editor.

The researcher applied the guidelines by flagging violations of the

guidelines and then correcting the violations in the order in which they appeared
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in the text. Throughout the process, care was taken to ensure that the meaning of

the text was preserved. Furthermore, no changes were made other than those

necessary to ensure compliance with the guidelines.

Assessing the Application of the Guidelines

Once the guidelines had been applied to the texts, the guidelined texts were

assessed by both research advisors to ensure that the changes made were

consistent with the guidelines. They also ensured that the original meanings of

the texts had been retained and that no unnecessary changes had been made.

However, they did not suggest any further changes to the texts since the opject of

the experiment was to determine what changes in translation quality could be

generated by application of the guidelines by individual authors and editors.

Translating the Texts

After application of the guidelines by the researcher and the volunteer,

there were three sets of five paragraphs each. These were the original set of five

paragraphs, the set of five paragraphs guidelined by the researcher, and the set of

five paragraphs guidelined by the volunteer. All fifteen of these paragraphs were

translated into French using the GTS machine translatioa system. Although this

system permits some forms of human assistance during interactive translation, the

test texts were translated in batch mode without human intervention. The system

also permits users to construct their own supplemental dictionaries in order to

more accurately translate domain specific terminology. However, this facility was

not used.

GTS accepts inputs and generates outputs as either WordPerfect or ASCII

text files. Since the guidelines had been applied using WordPerfect 5.1, the texts
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were input to GTS as a WordPerfect file in order to retain the format and

underlining which were present in the English texts. The output WordPerfect file

consisted of fifteen French paragraphs corresponding to the fifteen English

paragraphs in the input file. French accented characters were included in the

translations.

Selecting an Instrument to Measure Translation Quality

In order to determine whether application of the guidelines had any effect

on the quality of the subsequent translations, some measure of the quality of the

translations was necessary. Although translation quality criteria are by nature

somewhat subjective (96:190; 106:14), three criteria have been proposed (96:190).

These are intelligibility, accuracy, and revision rate (96:190). Intelligibility and

accuracy can be evaluated by reviewing the translations (76:1005-1007; 75:103-

104). However, measurement of revision rate requires evaluators to revise each

translation and measure the time taken to achieve an acceptable standard of

translation (96:190; 131:34). Measurement of revision rate would have required

too much of this study's volunteer evaluators' time.

The instrument selected to measure the quality of the translations was

developed by Makato Nagao (76:1005-1007; 75:103-104). Nagao states that the

instrument is designed to measure translation quality in terms of intelligibility and

accuracy. These variables are defined as follows (76:1005-1007; 75:103-104):

Intelligibility: An evaluation of the extent to which the translated text can
be understood by a native speaker of the target language. In Japanese to
English translation, we evaluate the extent to which an average British or
American reader can understand the output without any reference made to
the Japanese original.

Accuracy: The degree to which the translated text conveys the meaning of
the original text as well as a measure of the amount of difference between
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the input and output sentences are evaluated. The evaluation is done by

Japanese translators specializing in Japanese to English translation.

The variables are measured on scales from one to five and zero to six

respectively. Nagao has provided a description of the features of text which

correspond to each scale value (76:1005-1007; 75:103-104).

Nagao does not discuss his assessment of the validity of the scales, or offer

an opinion on whether the scales are nominal, ordinal, interval, or ratio. His only

use of the measurements is in determining percentiles of texts which 'cL,*eve

particular scores (76:1005-1007; 75:103-104). This is a nominal treatment.

However, since the scales clearly provide a rank or order, they were treated as

ordinal throughout this research. Although it is possible that the scales are

interval, this could not be assumed without further information about how the

instrument was validated and tested. Nagao states that

Just as there are no clear and objective criteria for evaluating the quality of
Japanese to English translations done by humans, standard criteria for
judging the results of machine translations have yet to be established. The
evaluation methods proposed here are still in the trial stage, and much
more refining and improving is still needed. (76:1007)

Despite Nagao's reservations, his is the best instrument available for

objectively ranking translation quality, and treatment of the scales as ordinal

rather than nominal or interval provided sufficient information to test the

guidelines without compromising the validity of the conclusions of the test.

Although Nagao applied the instrument to Japanese to English translations, the

researcher considered that it was also suitable for the evaluation of translations

between English and French.
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Evaluating the Quality of Translations

The quality of the translations was evaluated by four human translators,

each of whom was provided with an evaluation package. The evaluation package

included a set of instructions, a description of the measurement instrument, and

fifteen evaluation sheets. Each evaluation sheet included an unmodified English

paragraph, one of the three corresponding French translations, scales for

intelligibility and accuracy, and a comments area.

The evaluators were asked to grade each translation in accordance with the

two scales. These were blind evaluations because none of the evaluators were told

which of the French translations arose from the guidelined texts and which arose

from the original texts. The evaluators were also asked to provide any comments

which they believed might be useful.

Nagao used native English speakers to evaluate intelligibility and

experienced Japanese to English translators to evaluate accuracy (76:1006).

However, each of the evaluators used in this research was competent in French

usage as well as being competent French to English translators. Therefore, only

one group was required to score both variables for the French translations.

Interpreting the Results

The results were evaluated to determine whether there was any significant

difference between the quality of the translations derived from the original

paragraphs and the quality of the translations arising from the guidelined

paragraphs. Since the only differences between the three groups of translations

were due to application of the guidelines, any variation in the measured quality of

translation must have been due to either the application of the guidelines or
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random variations introduced by the evaluators. There was no method available to

control for random variations. However, the statistical tests performed on the data

took the sample size into account when calculating the significance of variations in

the quality of the translations.

Because the variables measured by the instrument were ordinal,

nonparametric testing of the results was appropriate. The particular test chosen

was the Sign Test (110:109-110), which is used to evaluate paired ordinal data

sets. The test determines how many of the values in one data set are greater than

or less than the corresponding values in the other data set and then calculates the

probability that any difference between the two data sets might be a result of

random variations. Low probability values indicate that there is a strong

possibility of a non-random difference between the data sets.

The six data sets which were compared with the Sign Test were:

1. 1(0), which consisted of the intelligibility scores awarded by the four

evaluators for each of the translations of the five original paragraphs (4 x 5

= 20 scores);

2. I(R), which consisted of the intelligibility scores awarded by the four

evaluators for each of the translations of the five researcher guidelined

paragraphs (4 x 5 = 20 scores);

3. I(V), which consisted of the intelligibility scores awarded by the four

evaluators for each of the translations of the five volunteer guidelined

paragraphs (4 x 5 = 20 scores);

33



4. A(O), which consisted of the accuracy scores awarded by the four evaluators

for each of the translations of the five original paragraphs (4 x 5 = 20

scores);

5. A(R), which consisted of the accuracy scores awarded by the four evaluators

for each of the translations of the five researcher guidelined paragraphs (4 x

5 = 20 scores);

6. A(V), which consisted of the accuracy scores awarded by the four evaluators

for each of the translations of the five volunteer guidelined paragraphs (4 x

5 = 20 scores);

I(R) and I(V) were both compared to 1(0), and A(R) and A(V) were both compared

to A(O), a total of four tests.

Conclusion

This chapter has described the methodology which was applied to this

research project. Chapter four describes the application of this methodology to the

development of the stylistic guidelines, while chapter five describes the evaluation

of the guidelines.
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IV. How the Guidelines Were Developed

This chapter describes how the chapter three methodology was implemented

to develop the guidelines and presents the final list of guidelines.

How the Guidelines Were Developed

Of the many sources reviewed, only one explicitly suggested guidelines

(114:1-2). However, sixteen others contained passages which could be interpreted

as suggesting possible guidelines. Each of these passages was summarized and

similar summaries were grouped together. These groupings, together with the

explicit guidelines, were then considered one by one. A single concise imperative

guideline was formulated for each grouping and an explanation of each of these

guidelines was composed on the basis of the supporting passages. Where one of

the explicitly expressed guidelines was equivalent to a guideline derived from one

of the groupings of summaries, a single guideline was formesd. The one explicitly

expressed guideline which was not merged with a dcrived guideline was edited to

conform to the format and style of the newly developed guidelines. This process

generated ten guidelines.

Validating the Guidelines

A guideline validator's package was produced to facilitate validation of the

guidelines. This package consisted of a cover sheet which described the purpose of

the guidelines and how they were developed, a sheet listing all the guidelines

without elaboration, a sheet for each guideline listing the guideline, its

explanation, and supporting sources, and copies of the sources with supporting
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passages highlighted and the corresponding pages marked with color coded tabs.

One of these packages was passed to each validatur.

The five AFIT faculty who acted as validators were C. Fenno (PhD), D.

Vaughan (PhD), Maj R. Rice (PhD), LtCol C. Arnold, and Maj S. Teal. Each one

reviewed the guidelines and supporting sources and provided comments on the

guidelines' fidelity to the written sources from which they were derived. The

guidelines and explanatory passages were revised on the basis of their comments.

The most significant changes made were the deletion of a guideline which was not

adequately supported by the sources, and re-ordering of the guidelines to more

accurately reflect the relative difficulty of compliance with the guidelines. Some

other relatively minor changes were also made to the wording of some of the

guidelines and supporting passages, and some citation errors were corrected.

The Final Guidelines

The final nine guidelines are presented in the following pages. A list of the

nine guidelines is followed by ten pages presenting the explanations and citations

for each guideline.
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List of Guidelines

1. Ensure that all words are spelt correctly.

2. Ensure that the text is grammatically correct.

3. Do not use parentheses.

4. Include redundant words rather than create ellipsis.

5. Use single word alternatives instead of phrasal verbs.

6. Do not use colloquialisms, idiomatic expressions, jargon, or metaphors.

7. Wherever possible, use words which have only one single, precise meaning.

8. Wherever possible, write short, uncomplicated sentences.

9. Minimize the use of conjunction-linked phrases.
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Guideline 1

Ensure that all words are spelt correctly.

Explanation

Machine translation systems will not correctly recognize words which are

misspelt. Consequently, spelling errors can lead to mis-translation. Care should

be taken to ensure that words are spelt in accordance with the conventions

expected by the machine translation system. For example, some US systems will

not recognize British spellings such as colour, tyre, or analyse.

Sources

This guideline was developed from 62:10-10; 66:177; 91:1-3; and 96:189.
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Guideline 2

Ensure that the text is grammatically correct.

Explanation

Most machine translation systems depend on a grammatical analysis of

each sentence to determine the part of speech of each word. This information is

required to find the correct translation for words within the context of the

sentence. If the source text is not grammatically correct, the system may

mistranslate sentences on the basis of faulty analysis. Even subtle inaccuracies

which are largely transparent to a human reader can cause problems. Since

punctuation is often considered during the grammatical analysis, care should also

be taken to ensure that clumsy punctuation does not confound an otherwise

grammatical sentence. References such as Fowler's Dictionary of Modern English

Usage (30) or grammar checking software may prove useful.

Sources

This guideline was developed from 4:34; and 96:189.
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Guideline 3

Do not use parentheses.

Explanation

Many machine translation systems have trouble analyzing sentences with

embedded parenthetic phrases. Consequently, it is best to avoid parenthesis

altogether in order to maximize the accuracy of the machine translation.

Sources

This guideline was developed from 4:34; 16:30; 54:164; and 122:219.
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Guideline 4

Include redundant words rather than create ellipsis.

Explanation

Although ellipsis is not ungrammatical, the inclusion of the redundant

words which are implied within the sentence helps machine translation systems to

determine the correct sentence structure. Consequently, more accurate translation

ensues.

Examples

In the following examples (55:RT55-RT57), the underlined word could be

omitted, but is best included in order to facilitate accurate machine translation.

The man whom my sister married is an electrician.

After a process creates a resource, any process that it starts inherits the
resource handles.

A thread that is blocked on a resource by a call to this function does not
return until the resource has been freed.

A semaphore is an object that is manipulated by threads that are issuing
semaphore function calls.

A semaphore is an object that is manipulated by threads by issuing
semaphore function calls.

Semaphores enable an application to signal the completion of certain tasks,
and they control...

Semaphores enable an application to signal the completion of certain tasks,
and to control...

A file system allows applications to create and to manage file objects on
storage devices.

Attribute. The Attribute value that determines the file objects to be
searched for.
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Sources

This guideline was developed from 54:163; 55.RT55-RT57; 73:80; 114:1-2;

and 135:53.
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Guideline 5

Use single word alternatives instead of phrasal verbs.

Explanation

A phrasal verb is a verb-proposition combination that acts together as a

verb, such as "go on" or "come back". These phrases could be translated separately

by a machine translation system instead of being considered together. Therefore, it

is better to use a single word alternative which is more likely to be correctly

translated.

Examples (114:2)

"Continue" in lieu of "go on".

"Return" in lieu of "come back".

"Happen" in lieu of "come about".

"Find" in lieu of "come across".

"Learn" in lieu of "find out".

Source

This guideline was developed from 114:2.
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Guideline 6

Do not use colloquialisms, idiomatic expressions, or metaphors.

Explanation

Although some machine translation systems are able recognize common

idiomatic expressions, those expressions which are not recognized will be

translated literally. This will often produce a different meaning in the target

language.

Examples (114:1)

Idiomatic: You'd better verify your flights before your departure.

Preferred: You should verify your flights before your departure.

Idiomatic: We should let everyone know of our plans.

Preferred: We should notify everyone of our plans.

Idiomatic: We need to get going soon.

Preferred: We need to go soon.

Idiomatic: I have to get ready for our party this evening.

Preferred: I need to prepare for our party this evening.

Sources

This guideline was developed from 62:10-10; 109:RT150; 114:1; and

132:RT6.
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Guideline 7

Wherever possible, use words which have only one single, precise meaning.

Explanation

Very simple machine translation systems perform word by word

translations. Where a single English word has multiple meanings, these systems

are unable to tell which meaning is intended, and so are unable to choose from the

possible target language translations. More sophisticated systems determine the

part of speech for each word and are therefore able to narrow the choice of possible

meanings. However, some English words still have many meanings within a

particular part of speech.

One word which has different meanings both within one part of speech and

in different parts of speech is "file". As a noun, "file" can mean a tool for

smoothing metal or a collection of documents. "File" can also act as the verb

corresponding to both nouns.

Some advanced research systems attempt to infer the exact meaning of

words from the semantic context within which it occurs. However, this feature is

not yet available in commercial systems. Consequently, more accurate translation

is likely if most words in the source text have only one possible meaning. This will

often be rather difficult to achieve.

Sources

This guideline was developed from 16:30; 62:10-10; 65:60; 83:114; 111:854;

114:1; and 132:RT5-RT7.
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Guideline 8

Wherever possible, write short, uncomplicated sentences.

Explanation

Long complicated sentences are difficult to analyze. Consequently, mis-

translation can occur. Short uncomplicated sentences are more likely to be

correctly analyzed and therefore be translated correctly. It is not possible to

prescribe an exact number of allowable clauses or words per sentence. Authors

must decide how short each sentence can be without making the text unnaturally

telegraphic.

Example

The first of the following sentences should be broken down into the second

and third sentences (114:1):

This morning we visited the museums and this afternoon we visited the
botanical gardens, both of which we thoroughly enjoyed.

This morning we visited the museums and this afternoon we visited the
botanical gardens.
We thoroughly enjoyed both visits.

Sources

This guideline was developed from 62:10-10; and 114:1.
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Guideline 9

Minimize the use of conjunction-linked phrases.

Explanation

Many machine translation systems have trouble determining the correct

structure of sentences which contain conjunction-linked phrases. If an incorrect

structure is chosen, mistranslation of the sentence is likely. Although it will not

always be possible to eliminate conjunction-linked phrases completely, it is often

possible to break these sentences into two shorter sentences without any loss of

clarity of expression.

Sources

This guideline was developed from 54:164; and 73:79.
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V. How the Guidelines Were Tested

Once the set of guidelines had been developed and validated, they were

tested to determine whether they could facilitate improved machine translation.

This chapter describes the implementation of the testing methodology described in

chapter three and presents the results obtained. Chapter six discusses the

significance of the results presented in this chapter.

How the Texts Were Selected

The test paragraphs were randomly selected from the RAAF publication,

DI(AF) AAP 7001.038-1, which is a technical policy publication. It consists of eight

chapters, each of which is independently numbered. For example, chapter one

includes paragraphs 101 to 136, and chapter five includes paragraphs 501 to 557.

Five paragraphs were selected from the publication in accordance with the

procedure described in chapter three. The results of the application of the selection

procedure are displayed in Table 1. Thus, the paragraphs selected for the

experiment were numbers 503, 521, 612, 304, and 313. These paragraphs are

presented at Appendix A.

How the Guidelines Were Applied to the Texts

The guidelines were applied to the texts independently by the researcher

and a RAAF AFIT student volunteer. The volunteer was given a copy of the

guidelines and the five test paragraphs. Both he and the researcher applied the

guidelines in accordance with their own interpretation of the guidelines. They also

indicated the changes made to the paragraphs and the guideline corresponding to
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TABLE 1

RESULTS OF RANDOM PARAGRAPH SELECTION

RANDOM NUMBER CORRESPONDING PARAGRAPH

104 314 - less than 50 words.
223 503 - selected.
241 521 - selected.
421 Nil - greater than 386.
375 828 - less than 50 words.
779 Nil - greater then 386.
995 Nil - greater then 386.
963 Nil - greater then 386.
895 Nil - greater then 386.
854 Nil - greater then 386.
289 612 - selected.
635 Nil - greater then 386.
094 304 - selected.
103 313 - selected.

each change. Both versions of the guidelined paragraphs are displayed together

with corresponding original paragraphs at Appendix B.

The researcher made 33 changes, two of which invoked two guidelines at

once, while the volunteer made 38. Table 2 lists the number of times each

guideline (G/LINE) was applied to each paragraph (PARA) by the researcher (RES)

and the volunteer (VOL).

How Application of the Guidelines Was Assessed

Copies of both sets of guidelined paragraphs and the original paragraphs

were passed to both thesis advisors. Although both advisors felt that they would

have applied the guidelines differently, neither found any clear mis-application of
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TABLE 2

FREQUENCY OF APPLICATION OF GUIDELINES

PARA 1 PARA 2 PARA 3 PARA 4 PARA 5 TOT

G/LINE IRES VOLI IRES VOLI IRES VOLI IRES VOLI IRES VOLI.

1 1 1 -- - 2

2 2 3 2 3 3 - 2 1 16

3 .. .. 0
4 - 4 2 2 - 2 1 1 2 14

5 - - - - - 0

6 - 1 - 2 5 2 4 1 6 21

7 - - 2 1 1 - 1 5

8 1 2 - 1 2 2 3 1 - 12

9 - - 2 - 1 - 3

TOTAL 4 8 7 9 11 6 8 6 5 9 73

BY PARA 12 16 17 14 14

the guidelines. The variation in the application of the guidelines reflects the

natural variation between authors and editors which could be expected in the field.

How the Texts Were Machine Translated

In order to machine translate the paragraphs, access to a machine

translation system was necessary. Once access to a system was established, the

translation process was a straightforward operation.
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How an MT System Was Accessed

Colonel W.H.I. Moos, US Marine Corps (Ret.), who is the Program Manager

for Government Programs at Globalink Inc., arranged for the loan of a copy of his

company's GTS software for use in the translation phase of the project. Over 9000

copies of GTS have been sold worldwide. US military customers include the Inter-

American Air Forces Academy at Homestead AFB in Florida, the Office of the

Secretary of Defense, and the Defense Intelligence Agency (70). It is

representative of PC based translation systems and was therefore considered

suitable for use in this research.

How GTS Was Used

The system used to translate the texts was Globalink Translation System

(GTS) Professional Version 3.0, English to French, French to English. Globalink

also supplied the French Business and Finance Microdictionary, which contains

domain specific terminology. However, this microdictionary was not used because

it was not compatible with the subject matter of the test paragraphs. GTS also

allows users to build their own single word and semantic unit dictionaries to

facilitate accurate translation of terminology peculiar to their area of application

(35:1-2). This facility was not used because it could have masked the impact of the

guidelines and could have introduced inadvertent bias on the part of the

researcher.

The 15 test paragraphs were translated as a single document. Since

Globalink translates sentence by sentence (35:IV-32), the presence of the three

different versions of each paragraph within the same document had no affect on

the translation of the texts. GTS accepts inputs as either WordPerfect or ASCII
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text files (35:IV-17). Since the test paragraphs were already in WordPerfect

Version 5.1 format, they were input to GTS as such. This ensured that the original

format and underlining were preserved. The English document displayed at

Appendix C was input in batch mode to GTS, which was installed on a Zenith

80286 based Personal Computer. After 15 minutes and 35 seconds of processing,

the French translations displayed at Appendix D were completed.

How the Quality of the Translations Was Evaluated

The Instrument Which Was Used

Translation quality was measured using Nagao's instrument as discussed in

chapter three. The instrument measures quality in terms of the two variables:

intelligibility, which is ratea on a scale from one to five, and accuracy, which is

rated on a scale from zero to six. Nagao's description of the variables and their

corresponding scale values is reproduced below (76:1005-1007).

The Intelligibility scale provides an evaluation of the extent to which the
translated text can be understood by a native speaker of the target language
or a translator fluent in the target language. Thus, this scale measures the
extent to which an average French speaker can understand the translation
without any reference to the English original. Intelligibility is measured on
a scale from one to five as follows:

1) The meaning of the text is clear, and there are no questions needed.
Grammar, word usage, and style are all appropriate, and no
rewording is needed.

2) The meaning of the text is clear, but there are some problems in
grammar, word usage, and/or style, making the overall quality less
than in 1.

3) The basic thrust of the text is clear, but the evaluator is not sure of
some parts because of grammar and word usage problems. The
problems cannot be resolved by any set procedure; a French speaker
would need the assistance of an English speaker to clarify the
meaning of those parts in the English original.
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4) The text contains many grammatical and word usage problems, and
the evaluator can only guess at the meaning after careful study, if at
all. The quickest means of obtaining an acceptable translation would
be a complete retranslation of the English text because too many
revisions would be needed in the machine translation.

5) The text cannot be understood at all. No amount of revision would
produce any meaning.

The Accuracy scale provides an evaluation of the degree to which the
translated text conveys the meaning of the original text as well as a
measure of the amount of difference between the input and output texts.
Accuracy is measured on a scale from zero to six as follows:

0) The content of the input text is faithfully conveyed to the output text.
The translated text would be clear to a native French speaker and no
rewriting is needed.

1) The content of the input text is faithfully conveyed to the output text,
and could be clearly understood by a native French speaker, but
some rewriting is needed. The text could be corrected by a native
French speaker without referring to the original text. No English
language assistance would be required.

2) The content of the text is faithfully conveyed to the output text, but
some changes are needed in word order.

3) While the content of the input text is generally conveyed faithfully to
the output text, there are some problems with things like
relationships between phrases and expressions, and with tense, voice,
plurals, and the position of adverbs.

4) The content of the input text is not adequately conveyed to the
output text. Some expressions are missing, and there are problems
with the relationships between clauses, phrases and clauses, or
sentence elements.

5) The content of the text is not conveyed to the output text. Clauses
and phrases are missing.

6) The content of the input text is not conveyed at all. The output
contains improper sentences; subjects and predicates are missing. In
noun phrases, the head noun is missing, or a clause or phrase acting
as a verb and modifying a noun is missing.

For both scales, a low score represents a better rating than a higher score.

The scales are a discrete measure of a continuous variable. Therefore, the
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evaluators were forced to select from the values available even if they believed that

the actual value fell somewhere between the available scores. Furthermore, the

difference between scores is not necessarily constant. For example, the difference

in intelligibility between scores of two and three =ay be quite dissimilar to the

difference between scores of three and four. Because of these characteristics, the

scales can be considered to be ordinal, but not interval or ratio. That is, the scores

provide information about whether one translation is better then another, but do

not reveal how much better.

How the Instrument Was Used

The quality of the translations was evaluated by four translators who will

be referred to as Evaluators One, Evaluator Two, Evaluator Three, and Evaluator

Four. Evaluator One is a Dayton based freelance translator who works with

French, English, and Russian. She is a French native now living in the US.

Evaluator Two is an English speaking Canadian who has studied French at

graduate level. She has taught French, but is not a professional translator.

Evaluators Three and Four are professional translators from Berlitz Translation

Services. Their participation in this research was arranged by Miss Anja

Krammer, Translation Coordinator at NCR Corporation's Workstation Product

Division in Clemson, South Carolina.

As stated on page 32, each evaluator was given a copy of an evaluation

package which included a set of instructions, a description of the measurement

instrument, and 15 evaluation sheets. Each evaluation sheet included an English

paragraph, followed by a French paragraph, scales for intelligibility and accuracy,

and a comments area. Three evaluation sheets were produced for each of the five
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original texts. Each of the three included the original English paragraph and one

of corresponding French translations. Thus, one included the translation of the

original paragraph, another included the translation of the paragraph which had

been guidelined by the researcher, and the third included the translation of the

paragraph which had been guidelined by the volunteer.

Since the original paragraphs were the only English texts included on the

sheets, the evaluators did not have access to the guidelined versions of the English

paragraphs, but were required to assess the translations of the guidelined

paragraphs in terms of how well they represented the original paragraphs. Copies

of the evaluation sheets returned by the evaluators are included at Appendix E in

order to preserve the comments made by the evaluators.

Evaluation Data

A summary of the intelligibility and accuracy scores awarded by the

evaluators is presented in Table 3. In accordance with the scales used, a low score

is better than a high score. The scores in each of the six data sets were then

counted by score value to produce the frequency distribution reproduced in Table 4

and displayed graphically at Appendix F.

Nonparametric Testing

The Statistix Sign Test (110:109-110) was used four times to compare the

scores awarded to the translations of the original paragraphs to the scores awarded

to translations of the guidelined paragraphs. Intelligibility (Researcher) and

Intelligibility (Volunteer) were compared to Intelligibility (Original) and Accuracy

(Researcher) and Accuracy (Volunteer) were compared to Accuracy (Original). The

sign test calculates the probability that differences between data sets are due to
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TABLE 3

SCORES AWARDED BY EVALUATORS

EVAL PARA 1(0) I(R) I(V) A(O) A(R) A(V)

1 1 4 3+ 3+ 4 4 3+
1 2 4 4 4 6 4+ 4++
1 3' 4 4 4 6 6 4++
1 4 4 4 6 6 6
1 5 4 4 4 6 6 4++
2 1 3 3 2+ 3 3 3
2 2 4 4 3+ 4 4 4
2 3 4 3+ 2++ 3 3 3
2 4 4 4 3+ 4 4 4
2 5 5 4+ 4+ 4 4 4
3 1 4 4 3+ 4 3+ 3+
3 2 5 5 4+ 4 4 4
3 3 4 3+ 3+ 4 3+ 3+
3 4 4 5- 4 3 4- 3
3 5 4 4 4 3 3 3
4 1 4 4 4 4 4 4
4 2 5 5 5 5 6- 5
4 3 5 4+ 4+ 6 5+ 5+
4 4 4 5- 4 5 6- 4+
4 5 5 4+ 4+ 5 5 5

EVAL - Evaluator number
PARA - Paragraph number (1=503, 2=521, 3=612, 4=304, 5=313)
+ - Score is one category better than translation of original paragraph
++ - Score is two categolies better than translation of original paragraph

- Score is one category worse than translation of original paragraph

random variations. Therefore, a low probability value (p-value) indicates that the

differences between the data sets was probably due to some factor other than

random variation. The test compares each member of one data set against the

corresponding member in the second data set. The bign, but not the amount of any

difference between the two values is used in calculating the

p-value.
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TABLE 4

FREQUENCY DISTRIBUTION OF SCORES

SCORE 1(0) I(R) I(V) A(O) A(R) A(V)

0 - 0 0 0
1 0 0 0 0 0 0
2 0 0 2 0 0 0
3 1 4 5 4 5 7
4 14 12 12 8 8 9
5 5 4 1 3 2 3
6 - - 5 5 1

The four tests were performed using Statistix Version 4.0 software. Test

reports are included at Appendix G, and the p-values are summarized in Table 5.

TABLE 5

SIGN TEST P-VALUES

RESEARCHER VOLUNTEER

INTELLIGIBILITY 0.1445 0.0005

ACCURACY 0.5000 0.0039

The significance of the results presented in this chapter is discussed in

chapter six.

Comments Provided by Evaluators

As well as scores, the evaluators provided many freeform comments. Their

comments are preserved on the evaluation sheets and a cover sheet returned with
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the evaluations of Evaluators Three and Four, copies of which are displayed at

Appendix E. Also included at Appendix E is a human translation of one of the

original paragraphs which was provided by Evaluator One as an example of how it

should be done.

Many of the comments are more relevant to the operation of GTS than to

the application of the guidelines. Furthermore, some of the comments, particularly

from Evaluators Three and Four, demonstrate a misunderstanding of the purpose

of the research. This misunderstanding does not impact upon the scores awarded

because they are objective assessments of the translations which are not dependent

upon the purpose of the research.

Three of the four evaluators also criticized the wording of the accuracy

scale. Scores 4, 5, and 6 all mention missing text. However, nothing was missing

in the translations evaluated. Evaluator One avoided awarding scores of 5 for

accuracy because this score refers to missing clauses and phrases. However,

Evaluators Three and Four ignored the reference to missing clauses and phrases.

The difference in approaches taken to the accuracy scale do not compromise the

validity of the results obtained because all evaluators were consistent within their

own scores. All analysis of the data compares an evaluator's assessments only to

other of their own scores.

Although none of the evaluators had seen the list of guidelines, some of

their comments support particular guidelines. Some other comments suggest other

guidelines. The most significant comments are summarized below.
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Evaluator One

Evaluator One suggests many alternative translations and highlights many

mis-translations.

Evaluator Two

Evaluator Two suggests many possible approaches to improving the

machine translations.

- Avoid usage of past participle as adjective (Sheet 1).

- Include "understood" words (Sheets 1, 7 and 15). This suggestion echoes

guideline four.

- Prepositions such as "about" are ambiguous (Sheet 2). This comment is

related to guideline seven.

- Hyphenate terminology such as Routine-Servicing to ensure correct

translation (Sheets 4 and 10).

- Translate expressions such as "to make ready" as a single unit to ensure

correct translation (Sheet 10). GTS can translate what Globalink refer to as

"semantic units" if they are input to the dictionary. Other advanced

systems also incorporate this feature.

Evaluator Three

Evaluator Three points out on Sheet 4 that words ending in -ing cause

problems in translation.

Evaluator Four

Evaluator Four has two main points.

- Use short, simple sentences (Sheets 1 and 4). This comment supports

guideline eight.
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- Use grammatically simple sentences (Sheet 1). This is an intuitively

attractive extension of guideline two.
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VI. Discussion of Results

The experiment conducted to test the efficacy of the guidelines produced 80

intelligibility and accuracy scores. This chapter discusses the significance of the

scores and test results.

Discussion of Scores

An initial examination of the scores presented in Table 3 of chapter five,

and displayed graphically at Appendix F, suggests that application of the

guidelines tended to improve the quality (i.e., intelligibility and accuracy) of the

translations. Furthermore, it would appear that the quality of the translations of

the paragraphs guidelined by the volunteer exceeded the quality of the translations

of the paragraphs guidelined by the researcher. In order to better illustrate this

apparent trend, the variations in scores between the guidelined paragraph

translations and the original paragraph translations are summarized in Table 6.

The values listed in the summary were obtained by subtracting the number of

lower scores awarded by each evaluator for each set of paragraphs from the

number of higher scores awarded.

This summary demonstrates that there were no large variations in the

relative scores awarded by each evaluator. However, Evaluator Four detected

slightly fewer net differences between the versions of the translations than the

other three evaluators. Inspection of the data presented in Table 6 suggests once

again that both the intelligibility and accuracy of the translations of the

paragraphs guidelined by the volunteer were appreciably better than that of the

translations of the original paragraphs.
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TABLE 6

SUMMARY OF SCORE VARIATIONS

INTELLIGIBILITY ACCURACY
TOTAL

RES VOL RES VOL

Evaluator One +1 +1 +1 +4 +7

Evaluator Two +2 +5 0 0 +7

Evaluator Three 0 +3 +1 +2 +6

Evaluator Four +1 +2 -1 +2 +4

Total +4 +11 +1 +8

Interpretation of Sign Test Results

In order to better quantify the preceding qualitative observations, four Sign

Tests were performed to compare the intelligibility and accuracy of the translations

of guidelined paragraphs to that of the translations of the original paragraphs.

The p-values obtained are listed in Table 5 of chapter five.

The p-value is the probability that the difference between the data sets is

due to random variations in the data rather than some causal factor. No matter

how low the p-value, there is always a finite probability that the differences

between the data sets is not caused by the factor being tested. However, for very

low p-values, this probability is negligible. Generally, a p-value of less than 0.10

provides some evidence of causation, a p-value of less than 0.05 provides better

evidence, and a p-value of less than 0.01 provides good evidence of causation.
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Thus, it can be reasonably concluded that the volunteer's application of the

guidelines to the test paragraphs improved the quality of the subsequent machine

translations. The same cannot be said of the researcher's application of the

guidelines. Although there may have been some improvement in the intelligibility

of the translations of the researcher guidelined paragraphs, there is no evidence

that the accuracy of the translations improved.

Conclusion

The data collected indicates that the application of the guidelines by the

volunteer significantly improved the quality of the subsequent machine

translations as measured by the variables intelligibility and accuracy. However,

the application of the guidelines by the researcher had little or no effect.
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VII. Conclusions and Recommendations

Research Summary

Problem Statement

Although it has long been recognized that the characteristics of input texts

affect the quality of machine translations (69:77; 89:35-36, among others), a

general set of stylistic guidelines which could be applied by authors and editors to

produce texts which are predisposed to high quality machine translation from one

language to another has not yet been developed.

Research Obiectives

The objectives of this research were to determine what set of stylistic

guidelines should be applied to English language texts in order to improve the

quality of subsequent machine translations and to test the efficacy of the

guidelines developed when applied to RAAF technical documents which are

machine translated to French.

In support of these objectives, the following sub-objectives were pursued:

1. Identify passages from published sources which provide relevant

guidance.

2. Develop a set of guidelines based on this guidance.

3. Test the efficacy of the guidelines.

Methodology

Nine guidelines were developed on the basis of the guidance identified in

the literature. These guidelines were applied to five randomly selected paragraphs

from DI(AF) AAP 7001.038-1 by the researcher and a volunteer. The resulting
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guidelined paragraphs and the original paragraphs were then machine translated

to French using the Globalink Translation System. Finally, the quality of the

translations was evaluated by four human translators.

Results Obtained

The quality of the translations of the paragraphs guidelined by the

volunteer was significantly higher than the quality of the translations of the

original paragraphs. However, the quality of the translations of the paragraphs

guidelined by the researcher was not significantly different.

Conclusion

The experimental results obtained were indeterminate and cannot be used

to predict the usefulness of the set of guidelines developed.

Recommendations

Although the experimental results were indeterminate, analysis of the

research process provides some useful insights.

Developing the Guidelines

Although hundreds of papers and articles were reviewed, only 17 of them

contained guidance from which guidelines could be developed. Sources other than

the literature may provide useful guidance.

Recommendation 1. Guidance should be sought from members of the

machine translation industry.

Discussion. The only source which contained guidance in the form of

specific guidelines was a two page set of notes provided by a Globalink Inc. linguist

(114). These notes supported five of the nine guidelines, and were the sole source
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of guideline five. Since members of the industry are familiar with the practical use

of machine translation systems, they will probably have clear views about what

should be done to input texts to improve the quality of machine translations.

However, guidance provided could be biased and would probably be system specific.

Recommendation 2. Existing style guides and sublanguage

specifications (page 20) should be reviewed for guidance.

Discussion. Companies such as Xerox Corporation use style guides

specifically tailored for their own requirements. Sublanguages have also been

specified for use with a number of machine translatiol. systems. These sources

may provide additional useful guidance.

Recommendation 3. Guidance should be generated through human

translator analysis of machine translations.

Discussion. The evaluators who participated in this research

provided comments on the machine translations which could have been used as

guidance. Useful results could be expected if an instrument specifically designed to

elicit guidance were developed and applied.

Recommendation 4. The differences between individual applications

of guidelines should be analyzed to provide guidance.

Discussion. The quality of the translations of the paragraphs

guidelined by the volunteer was significantly higher than that of paragraphs

guidelined by the researcher. Systematic analysis of the variations in application

of guidelines versus differences in translation quality could reveal how the

guidelines are best applied. Furthermore, changes made which are not directly

related to existing guidelines could provide further guidance.
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Recommendation 5. The differences between original texts should be

analyzed to provide guidance.

Discussion. Some texts generate higher quality translations than

others, even without the use of guidelines. Analysis of the characteristics of "good"

and "bad" texts could provide guidance.

Testing the Guidelines

The experiment conducted provided inconclusive results. Examination of

the experiment leads to a number of recommendations for any future testing of

guidelines.

Recommendation 6. Nagao's instrument should be refined, or a new

instrument developed.

Discussion. Three of the four evaluators reported problems applying

the instrument. The descriptions of the scale values should be revised, the range

of values offered should be reconsidered, and rearrangement of the scores to the

more intuitive ascending order of values should be evaluated. Finally, validation of

any new or revised scale could provide sufficient grounds to consider the scales to

be interval or ratio. This would permit more powerful statistical tests to be

performed.

Recommendation 7. Test texts should be selected purposefully rather

than randomly to ensure that each of a set of guidelines is exercised.

Discussion. Guidelines three and five were not violated in any of the

five paragraphs randomly selected for use in this research. Therefore, these

guidelines were not included in the test performed. More extensive testing should

include all guidelines. Consequently, some texts may have to be purposefully
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selected in order to provide for application of guidelines which have not otherwise

been tested.

Recommendation 8. Translation quality should continue to be

evaluated by human translators.

Discussion. No problems were encountered with the evaluations

provided by the human translators. Furthermore, no good alternative evaluation

technique was discovered.

Recommendation 9. Guidelines should be tested in conjunction with

a variety of machine translation systems.

Discussion. Even if the experiment included in this research had

provided a conclusive result, it could only have been applied to use of the

guidelines with the GTS machine translation system. Unless the guidelines are

being tested f Jr use with a specific system, a variety of systems spanning the range

of linguistic approaches and capabilities should be used. This approach provides

for wider application of the experimental results.

Recommendation 10. Guidelines should be tested for each language

pair of interest to the researcher.

Discussion. Experimental results for one language pair would not

necessarily apply to another language pair. Although the guidance identified in

this research dealt primarily with English as the source language, a variety of

target languages were addressed. However, this does not assure that the

guidelines would apply equally to any target language.

Recommendation 11. More than two writers should apply the

guidelines being tested.
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Discussion. If more than two writers had applied the guidelines for

the experiment performed in this research, a determinate result might have been

achieved. However, the evaluation required would have been prohibitive in this

case. A larger sample of writers would provide information about the range of

effects which can be expected of the guidelines, and would reveal whether the

guidelines provide a significant benefit on average.

Recommendation 12. Large scale testing of guidelines should be

conducted to provide information about the value of individual guidelines.

Discussion. The small test performed for this research could not

provide information about the individual worth of guidelines. If a large number of

tests were conducted, a multi-factorial analysis could be performed to determine

which of the guidelines were beneficial.

Summation

This research developed and tested a set of nine stylistic guidelines

intended to improve the quality of subsequent machine translations. Although use

of the guidelines by authors and editors cannot be recommended on the basis of the

experimental result obtained, analysis of the conduct and results of the research

suggested potentially fruitful alternative approaches to the development and

testing of guidelines. These alternative approaches are presented as twelve

specific recommendations for future research.
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Appendix A: Test Paragraphs

Paragraph 1

503. In general, there is no precise method for establishing 'correct' maintenance
intervals, because of the inherent variability in equipment performance and lack of
complete knowledge about the behaviour of the items concerned. Instead, the
process involves setting an interval based on an estimate of the 'correct' value, then
progressively refining the estimatp by analysis of maintenance and performance
data collected for the item.

Paragraph 2

521. Review of Routine Servicing Intervals. The routine servicing intervals for
an aircraft are always reviewed as a set, in conjunction with a review of the tasks
performed. Thus, the review task is essentially one of determining the continuing
validity and effectiveness of the tasks performed on each item included in the set of
routine servicings, and of the intervals at which they are performed. In addition
the requirements must be considered in conjunction with flight servicing and DLM
requirements, to ensure that each task on each item is performed at a single
appropriate interval.

Paragraph 3

612. While the need to retain capability within the RAAF relates directly to
support of operations in the broadest sense, the capability to be established for a
particular organizational element must be more closely aligned with the need of a
particular aircraft type. Maintenance capability requirements in this case relate to
the need to provide a maintenance support organization which will enhance the
planned operational employment of the aircraft, both during peacetime and in time
of war.

Paragraph 4

304. Flight servicings comprise those servicings performed immediately before or
after a flight, or between successive flights either to make the aircraft ready for
flight or to restore it to a condition to perform further flights. Flight servicings are
OLM tasks and include:

a. before flight servicings,

b. after flight servicings, and

c. turnaround servicings.
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Paragraph 5

313. The TA servicing comprises elements of both the BF and AF servicings, but
does not normally include all requirements of each servicing. In general a TA
servicing should include:

a. checks of safety critical items for damage or deterioration which would not
have been evident to the crew during the preceding flight,

b. a visual examination of the exterior of the aircraft for obvious damage, and

c. replenishment as required.
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Appendix B: Guidelined Paragraphs

Paragraph 1

Changes made to the text during application of the guidelines are indicated
by square brackets surrounding underlined text. The corresponding guideline is
indicated in round bracket after each change.

Original Paragraph

503. In general, there is no precise method for establishing 'correct' maintenance
intervals, because of the inherent variability in equipment performance and lack of
complete knowledge about the behaviour of the items concerned. Instead, the
process involves setting an interval based on an estimate of the 'correct' value, then
progressively refining the estimate by analysis of maintenance and performance
data collected for the item.

Guidelined by Researcher

503. In general, there is no precise method for establishing 'correct' maintenance
intervals (G2) because of the inherent variability in equipment performance and
[the I (G2) lack of complete knowledge about the [behavior] (G1) of the items
concerned. Instead, the process begins by setting an interval based on an estimate
of the 'correct' value. [This estimated interval can then be progressively refined by
analyzingi (G8) maintenance and performance data collected for the item.

Guidelined by Volunteer

503. [Typically] (G6), there is no precise method for establishing 'correct'
maintenance intervals[. This difficulty occurs] (G8) because of the inherent
variability in equipment performance and [the] (G4) lack of complete knowledge
about the [behavior] (G1) of the items concerned. Instead, the process involves
setting an interval [that is] (G4) based on an estimate of the 'correct' value[. This
estimated interval isI (G8) then progressively refined by [a] (G4) analysis of [the I
(G4) maintenance and performance data collected for the item.
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Paragraph 2

Changes made to the text during application of the guidelines are indicated
by square brackets surrounding underlined text. The corresponding guideline is
indicated in round bracket after each change.

Original Paragraph

521. Review of Routine Servicing Intervals. The routine servicing intervals for
an aircraft are always reviewed as a set, in conjunction with a review of the tasks
performed. Thus, the review task is essentially one of determining the continuing
validity and effectiveness of the tasks performed on each item included in the set of
routine servicings, and of the intervals at which they are performed. In addition
the requirements must be considered in conjunction with flight servicing and DLM
requirements, to ensure that each task on each item is performed at a single
appropriate interval.

Guidelined by Researcher

521. Review of Routine Servicing Intervals. The routine servicing intervals for
an aircraft are always reviewed as a set (G2) [together] (G7) with a review of the
tasks performed. Thus, the review task is essentially one of determining the
continuing validity and effectiveness of both (G4) the tasks performed on each item
included in the set of routine servicings, and the intervals at which [the tasks] (G4)
are performed. In addition[, (G2) the requirements must be considered [together]
(G7) with flight servicing and DLM requirements (G2) to ensure that each task on
each item is performed at a single appropriate interval.

Guidelined by Volunteer

521. Review of Routine Servicing Intervals. The routine servicing intervals for
an aircraft are always reviewed as a set, in conjunction with a review of the tasks
[which are] (G4) performed. (G6) The review task is essentially one of determining
the continuing validity and effectiveness of the tasks performed on each item
included in the set of routine servicings[. The review then examines] (G9) the
intervals at which [valid tasks for each item] (G9) are performed. In addition[,
(G2) the requirements must be considered in conjunction with [thel (G4) flight
servicing and [Depot Level Maintenancel (G6) requirements[. This consideration
will] (G8) ensure that [all tasks for each item arel (G2) performed at a single
appropriate interval.
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Paragraph 3

Changes made to the text during application of the guidelines are indicated
by square brackets surrounding underlined text. The corresponding guideline is
indicated in round bracket after each change.

Original Paragraph

612. While the need to retain capability within the RAAF relates directly to
support of operations in the broadest sense, the capability to be established for a
particular organizational element must be more closely aligned with the need of a
particular aircraft type. Maintenance capability requirements in this case relate to
the need to provide a maintenance support organization which will enhance the
planned operational employment of the aircraft, both during peacetime and in time
of war.

Guidelined by Researcher

612. [The] (G8) need-to retain [maintenance capability] (G6) within the RAAF
relates directly to [the] (G2) support of [aircraft operationsl (G6) in the broadest
sense. IHowever, I (G8) the [maintenance capability] (G6) to be established for a
particular organizational element must be (G2) closely aligned with the [needs]
(G2) of a particular aircraft type. Maintenance capability requirements in this case
relate to the need to provide a maintenance support organization which will
enhance the planned operational fuse] (G6/G7) of the aircraft, both during
peacetime and [during wartime] (G6).

Guidelined by Volunteer

612. (G8) The need to retain capability within the [Royal Australian Air Force]
(G6) relates directly to [the] (G4) suppo-A of operations in the broadest senseL
However,] (G8) the capability to be established for a particular organizational
element must be more closely aligned with the need of a particular aircraft type.
[The] (G4) maintenance capability requirements in this case relate to the need to
provide a maintenance support organization which will enhance the planned
operational employment of the aircraft, both during [times of peace and] (G6) of
war.
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Paragraph 4

Changes made to the text during application of the guidelines are indicated
by square brackets surrounding underlined text. The corresponding guideline is
indicated in round bracket after each change.

Original Paragraph

304. Flight servicings comprise those servicings performed immediately before or
after a flight, or between successive flights either to make the aircraft ready for
flight or to restore it to a condition to perform further flights. Flight servicings are
OLM tasks and include:

a. before flight servicings,

b. after flight servicings, and

c. turnaround servicings.

Guidelined by Researcher

304. Flight servicings [are] (G7) those servicings performed immediately before
or after a flight, or between successive flights. (G8) They are performed [to either]
(G2) make the aircraft ready for flight or (G2) restore it to a [flyable] (G2)
condition. Flight servicings are OLM tasks. [They] (G8/G9) include (G8) before
flight servicings, after flight servicings, and turnaround servicings.

Guidelined by Volunteer

304. Flight servicings comprise those servicings [which are] (G4) performed
immediately before or after a flight, or between successive flights[. Flight
servicings] (G8) either [prepare] (G6) the aircraft (G6) for flight or restore it to a
condition to perform further flights. Flight servicings are [Operational Level
Maintenance] (G6) tasks and include:

a. before flight servicings,

b. after flight servicings, and

c. turn around (G6) servicings.
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Paragraph 5

Changes made to the text during application of the guidelines are indicated
by square brackets surrounding underlined text. The corresponding guideline is
indicated in round bracket after each change.

Original Paragraph

313. The TA servicing comprises elements of both the BF and AF servicings, but
does not normally include all requirements of each servicing. In general a TA
servicing should include:

a. checks of safety critical items for damage or deterioration which would not
have been evident to the crew during the preceding flight,

b. a visual examination of the exterior of the aircraft for obvious damage, and

c. replenishment as required.

Guidelined by Researcher

313. The TA servicing [includes] (G7) elements of both the BF and AF servicings,
but does not normally include all [the] (G2) requirements of each servicing. In
general1 (G2) a TA servicing should include:

checks of safety critical items for damage or deterioration which would not
have been [obviousl (G6) to the crew during the preceding flight,

a visual examination of the exterior of the aircraft for obvious damage, and

[the replenishment of fluids and gases if necessary] (G4).

Guidelined by Volunteer

313. The [Turn Around] (G6) servicing [includes] (G2) elements of both the
[Before Flight] (G6) and [After Flight] (G6) servicings, but [it] (G4) does not
normally include all [of the] (G4) requirements of each servicing. Typically (G6) a
[Turn Around] (G6) servicing should include:

a. checks of [critical safety] (G6) items for damage or deterioration which

would not have been evident to the crew during the preceding flight,

b. a visual examination of the exterior of the aircraft for obvious damage, and

c. replenishment as required.
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Appendix C: Document Input to GTS

503. In general, there is no precise method for establishing 'correct' maintenance
intervals, because of the inherent variability in equipment performance and lack of
complete knowledge about the behaviour of the items concerned. Instead, the
process involves setting an interval based on an estimate of the 'correct' value, then
progressively refining the estimate by analysis of maintenance and performance
data collected for the item.

521. Review of Routine Servicing Intervals. The routine servicing intervals for
an aircraft are always reviewed as a set, in conjunction with a review of the tasks
performed. Thus, the review task is essentially one of determining the continuing
validity and effectiveness of the tasks performed on each item included in the set of
routine servicings, and of the intervals at which they are performed. In addition
the requirements must be considered in conjunction with flight servicing and DLM
requirements, to ensure that each task on each item is performed at a single
appropriate interval.

612. While the need to retain capability within the RAAF relates directly to
support of operations in the broadest sense, the capability to be established for a
particular organizational element must be more closely aligned with the need of a
particular aircraft type. Maintenance capability requirements in this case relate to
the need to provide a maintenance support organization which will enhance the
planned operational employment of the aircraft, both during peacetime and in time
of war.

304. Flight servicings comprise those servicings performed immediately before or
after a flight, or between successive flights either to make the aircraft ready for
flight or to restore it to a condition to perform further flights. Flight servicings are
OLM tasks and include:

a. before flight servicings,

b. after flight servicings, and

c. turnaround servicings.
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313. The TA servicing comprises elements of both the BF and AF servicings, but
does not normally include all requirements of each servicing. In general a TA
servicing should include:

a. checks of safety critical items for damage or deterioration which would not
have been evident to the crew during the preceding flight,

b. a visual examination of the exterior of the aircraft for obvious damage, and

c. replenishment as required.

503. In general, there is no precise method for establishing 'correct' maintenance
intervals because of the inherent variability in equipment performance and the
lack of complete knowledge about the behavior of the items concerned. Instead,
the process begins by setting an interval based on an estimate of the 'correct'
value. This estimated interval can then be progressively refined by analyzing
maintenance and performance data collected for the item.

521. Review of Routine Servicing Intervals. The routine servicing intervals for
an aircraft are always reviewed as a set together with a review of the tasks
performed. Thus, the review task is essentially one of determining the continuing
validity and effectiveness of both the tasks performed on each item included in the
set of routine servicings, and the intervals at which the tasks are performed. In
addition, the requirements must be considered together with flight servicing and
DLM requirements to ensure that each task on each item is performed at a single
appropriate interval.

612. The need to retain maintenance capability within the RAAF relates directly
to the support of aircraft operations in the broadest sense. However, the
maintenance capability to be established for a particular organizational element
must be closely aligned with the needs of a particular aircraft type. Maintenance
capability requirements in this case relate to the need to provide a maintenance
support organization which will enhance the planned operational use of the
aircraft, both during peacetime and during wartime.

304. Flight servicings are those servicings performed immediately before or after
a flight, or between successive flights. They are performed to either make the
aircraft ready for flight or restore it to a flyable condition. Flight servicings are
OLM tasks. They include before flight servicings, after flight servicings, and
turnaround servicings.
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313. The TA servicing includes elements of both the BF and AF servicings, but
does not normally include all the requirements of each servicing. In general, a TA
servicing should include:

checks of safety critical items for damage or deterioration which would not
have been obvious to the crew during the preceding flight,

a visual examination of the exterior of the aircraft for obvious damage, and

the replenishment of fluids and gases if necessary.

503. Typically, there is no precise method for establishing 'correct' maintenance
intervals. This difficulty occurs because of the inherent variability in equipment
performance and the lack of complete knowledge about the behavior of the items
concerned. Instead, the process involves setting an interval that is based on an
estimate of the 'correct' value. This estimated interval is then progressively
refined by an analysis of the maintenance and performance data collected for the
item.

521. Review of Routine Servicing Intervals. The routine servicing intervals for
an aircraft are always reviewed as a set, in conjunction with a review of the tasks
which are performed. The review task is essentially one of determining the
continuing validity and effectiveness of the tasks performed on each item included
in the set of routine servicings. The review then examines the intervals at which
valid tasks for each item are performed. In addition, the requirements must be
considered in conjunction with the flight servicing and Depot Level Maintenance
requirements. This consideration will ensure that all tasks for each item are
performed at a single appropriate interval.

612. The need to retain capability within the Royal Australian Air Force relates
directly to the support of operations in the broadest sense. However, the capability
to be established for a particular organizational element must be more closely
aligned with the need of a particular aircraft type. The maintenance capability
requirements in this case relate to the need to provide a maintenance support
organization which will enhance the planned operational employment of the
aircraft, both during times of peace and of war.

304. Flight servicings comprise those servicings which are performed
immediately before or after a flight, or between successive flights. Flight
servicings either prepare the aircraft for flight or restore it to a condition to
perform further flights. Flight servicings are Operational Level Maintenance tasks
and include:

a. before flight servicings,

b. after flight servicings, and

c. turn around servicings.
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313. The Turn Around servicing includes elements of both the Before Flight and
After Flight servicings, but it does not normally include all of the requirements of
each servicing. Typically a Turn Around servicing should include:

a. checks of critical safety items for damage or deterioration which would not
have been evident to the crew during the preceding flight,

b. a visual examination of the exterior of the aircraft for obvious damage, and

c. replenishment as required.
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Appendix D: Document Output by GTS

503. En g~ndral, ii y a aucune m~thode prdcise pour n'dtablir 'correct' intervalles
d'entretien, A cause de la variabilit6 inh~rente dans le manque et performance
d'dquipement de connaissance complete environ le comportement des articles
concernait. Plut6t, le proc~dd entraine fixer une intervalle basd sur une estimation
du 'correcte' valeur, alors raffinant progressivement 1'estimation par 1'analyse de
donndes de performance et entretier. recuelillies pour l'article.

521. La. revue de Routine R~visant Des intervalles. La routine rdvisant des
intervalles pour un avion sont toujours revus comme un ensemble, dans la
conjonction avec une revue des tdches exdcut6s. Ainsi, la tdche de revue est
essentiellement une de determiner l'efficacitd et validitd continue des tdches
execut~e sur chaque article incluse dans l'ensemble de revisions de routine, et des
intervalles A lesquelles uls sont ex~cut6s. Au surplus les exigences doivent 6tre
consid6rdes dans la conjonction avec le vol r~visant et DLM exigences, A assurer
que chaque tdche sur chaque article est ex6cuthe A une intervalle appropride seule.

612. Tandis que le besoin de retenir l'aptitude dans le RAAF lie soutenir
directement d'op-6rations dans le sens le plus large, l'aptitude A ktre 6tablie pour
un particulier organizational 616ment doit 6tre plus align~e 6troitement avec le
besoin d'un type particulier d'avion. Les exigences d'aptitude d'entretien dans ce
cas lient au besoin A fournir une organisation de soutien d'entretien qui am6liorera
1'emploi opdrationnel. planifi.6 de l'avion, les deux durant peacetime et A temps de
guerre.

304. Les revisions de vol comprennent ces r6visions exdcutaient aussit6t avant ou
apres un vol, ou entre des vols, successifs l'un ou l'autre A faire 1'avion pr~t pour le
vol ou A le restaurer & une condition A executer davantage vols. Les revisions de
vol sont OLM tdches et incluent:

a. avant vol rdvise,

b. apr~s le vol rdvise, et

C. turnaround revise.
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313. Le TA rdvisant comprend des 6l6ments dus deux le BF et AF r6visions, mais
n'inclut pas normalement toutes exigences de chacun rdvisant. En g~n~ral un TA
rdvision devrait inclure:

a. les ch~ques de sdcurit6 articles critiques pour le dommages ou d~t~rioration
que n'aurait pas dt 6vidente A l'~quipage durant le vol pr6c6dent,

b. un examen visuel de l'extdrieur de l'avion pour le dommages 6vident, et

C. replenishment comme requis.

503. ERi g6ndral, il y a aucune m6thode prdcise pour n'6tablir 'correct' intervalles
d'entretien A cause de la variabilit6 inh6rente dans la performance &d'quipement et
le manque de connaissance complete environ le comportement des articles
concernait. Plut6t, le proced6 commence en fixant une intervalle bas6 sur une
estimation du 'correcte' valeur. Cela estimait l'intervalle peut alors 6tre raffin6
progressivement en analysant des donn~es de performance et entretien recueillies
pour l'article.

521. La revue de Routine R~visant Des intervalles. La routine rdvisant des
intervalles pour un avion sont toujours revus comme un ensemble ensemble avec
une revue des tdches ex6cut~s. Ainsi, la t~che de revue est essentiellement une de
d6terminer l'efficacit6 et validit6 continue des deux les taches exdcutde sur chaque
article incluse dans l'ensemble de revisions de routine, et les intervalles A
lesquelles les tdches sont ex~cut~es. Au surplus, les exigences doivent 6tre
considdr6es ensemble avec le vol r6visant et DLM exigences A assurer que chaque
tfiche sur chaque article est ex~cut~e A une intervalle appropride seule.

612. Le besoin de retenir l'aptitude d'entretien dans le RAAF lie directement au
soutien d'op6rations d'avion dans le sens le plus large. Cependant, l'aptitude
d'entretien A 6tre 6tablie pour un particulier organizational 616ment doit 6tre
align&e 6troitement avec les besiins d'un type particulier d'avion. Les exigences
d'aptitude d'entretien dans ce cas lient au besoin A fournir une organisation de
soutien d'entretien qui am6liorera l'emploi op~rationnel planifi6 de l'avion, les deux
durant peacetime et durant wartime.

304. Les revisions de vol sont ces r~visions ex6cutaient aussit6t avant ou apr~s
un vol, ou entre des vols successifs. Ils sont ex~cutds A F'un ou l'autre faits l'avion
prdt pour le vol ou restaurds FA& un flyable condition. Les revisions de vol sont
OLM tfiches. Ils incluent avant revisions de vol, apr~s des revisions de vol, et
turnaround revisions.
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313. Le TA r~visant inclut des 6l6ments dus deux le BF et AF revisions, mais
n'inclut pas normalement toutes les exigences de chacun r6visant. En gd6nral, un
TA r6vision devrait inclure:

les cheques de s~curitd articles critiques pour le dommages ou d6t6rioration
que n'aurait pas Wt 6vidente A l'quipage durant le vol pr~c~dent,

un examen visuel de l'ext6rieur de l'avion pour le dommages 6vident, et

le replenishment de fluides et gazer si n~cessaires.

503. Typiquement, ii y a aucune m~thode precise pour n'6tablir 'correct'
intervalles d'entretien. Cette difficultd survient A cause de la variabilit6 inh~rente
dans la performance d'6quipement et le le manque de connaissance compl~te
environ le comportement des articles concernait. Plut~t, le proc6d6 entraine fixer
une intervalle qui est basde sur une estimation du 'correcte' valeur. Cela estimait
l'intervalle est alors raffln6 progressivement par une analyse des donn~es de
performance et entretien recueillies pour l'article.

521. La revue de Routine R6visant Des intervalles. La routine r~visant des
intervalles pour un avion sont toujours revus comme un ensemble, dans la
conjonction avec une revue des tdches qui sont ex~cut~s. La tache de revue est
essentiellement une de d6terminer 1'efficacit6 et validit6 continue des taches
ex~cutee sur chaque article incluse dans l'ensemble de rdvisions de routine. La
revue examine alors les intervalles ýL lesquelles t~ches valables pour chaque article
sont exdcut6s. Au surplus, les exigences doivent 6tre conisid~r6es dans la
conjonction avec la revision de vol et Niveau De d6p6t exigences D'entretien. Cette
consideration assurera que toutes tfiches pour chaque article sont exdcutees A une
intervalle appropri6e seule.

612. Le besoin de retenir l'aptitude dans la Force Royale D'air Australien lie'
directement au soutien d'op-6rations dans le sens le plus large. Cependant,
l'aptitude A 6tre 6tablie pour un particulier organizational 616ment doit 6tre plus
align~e C-troitement avec le besoin d'un type particulier d'avion. Les exigences
d'aptitude d'entretien dans ce cas lient au besoin A fournir une organisation de
soutien d'entretien qui amdliorera l'emploi opdrationnel planifi6 de l'avion, les deux
durant des temps de paix et de guerre.
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304. Les revisions de vol comprennent ces revisions qui sont ex~cut~es aussit~t
avant ou apr~s un vol, ou entre des vols successifs. Les rdvisions de vol lFun ou
l'autre pr6parent l'avion pour le vol ou le restaurent A une condition A exdcuter
davantage vols. Les revisions de vol sont tdches Op~rationnelles D'entretien De
niveau et rncluent:

a. avant vol revise,

b. apri~s le vol rdvise, et

C. la tournure autour des rdvisions.

313. La Tournure Autour rdviser inclut des 6l6ments dus deux L'avant Vol et
Apr~s des r6visions De vol, mais ii n'inclut pas normalement toutes les exigences
de chacun r6visant. Typiquement une Tournure Autour la revision devrait inclure:

a. les ch~ques d'articles critiques de s~curitd pour le, dommages ou
d6t6rioration que n'aurait pas W 6vidente A l'dquipage durant le vol
prd6cdent,

b. un examen visuel de l'extdrieur de l'avion pour le, dommages 6vident, et

c. replenishment comme requis.
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Appendix E: Completed Evaluation Sheets

This Appendix presents t-',e comments made by the evaluators. The first

three pages show the covering material which was sent to each evaluator with the

evaluation sheets. Of the next 38 pages, 36 are copies of the evaluation sheets

which were completed by the four evaluators. They are grouped by evaluator and

are ordered from Evaluator One to Evaluator Four. Evaluation sheets which did

not feature comments are not included. In addition to the evaluation sheets, a

sample human translation of one of the original paragraphs is included at the end

of the Evaluatcr One section. This translLtion was provided by Evaluator One to

demonstrate the product generated by a human translator. A cover sheet which

was returned with the Evaluator Three and Four evaluations is also included just

before the Evaluator Three sheets.
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EVALUATION PACKAGE FOR TRANSLATION EVALUATORS

Attached are fifteen evaluation sheets. Bach sheet
consists of an English text, a French machine translation of the
text, and an evaluation section. There are three sheets for
each English text, each with a slightly different French
translation. Please consider each of the French translations
in terms of the Intelligibility and Accuracy scale descriptions
which follow and circle the appropriate scores for each
translation on the scales in the evaluation section of each
sheet. Please try to be as consistent as possible in your
assessments, but do not discuss your scores with anyone else
evaluating the translations. To be valid, each assessment must
reflect an individual viewpoint.

Comments on each translation are welcome. Any
observations about constructions within the English text which
seen to have led to poor translation, or shortcomings in the
machine's apparent translation approach would be particularly
welcome.

Your participation in this research is appreciated. If
you would like a summary of the research findings, I will be
happy to forward one later this year. If you would like a copy
of the summary or are willing to be contacted to discuss your
assessments, please provide your details below.

Name:

Organization:

Job Title:

Contact Telephone Number/s:
(Business and/or home)

Postal Address:

nte pWalsh
Stuadron Leader
Royal Australian Air Force
Ph: (513) 427 3383
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INTELLIGIBILITY

The Intelligibility scale provides an evaluation of the
extent to which the translated text can be understood by a
native speaker of the target language or a translator fluent in
the target language. Thus, this scale measures the extent to
which an average French speaker can understand the translation
without any reference to the English original. Intelligibility
is measured on a scale from one to five as follows:

1) The meaning of the text is clear, and there are no
questions needed. Grammar, word usage, and style are all
appropriate, and no rewording is needed.

2) The meaning of the text is clear, but there are some
problems in grammar, word usage, and/or style, making the
overall quality less than in 1.

3) The basic thrust of the text is clear, but the evaluator is
not sure of some parts because of grammar and word usage
problems. The problems cannot be resolved by any set
procedure; a French speaker would need the assistance of an
English speaker to clarify the meaning of those parts in
the English original.

4) The text contains many grammatical and word'usage problems,
and the evaluator can only guess at the meaning after
careful study, if at all. The quickest means of obtaining
an acceptable translation would be a complete retranslation
of the English text because too many revisions would be
needed in the machine translation.

5) The text cannot be understood at all, No amount of
revision would.produce any meaning.
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ACCURACY

The Accuracy scale provides an evaluation of the degree to
which the translated text conveys the meaning of the original
text as well as a measure of the amount of difference between
the input and output texts. Accuracy is measured on a scale
from zero to six as follows:

0) The content of the input text is faithfully conveyed to the
output text. The translated text would be clear to a
native French speaker and no rewriting is needed.

1) The content of the input text is faithfully conveyed to the
output text, and could be clearly understood by a native
French speaker, but some rewriting is needed. The text
could be corrected by a native French speaker without
referring to the original text. No English language
assistance would be required.

2) The content of the text is faithfully conveyed to the
output text, but some changes are needed in word order.

3) While the content of the input text is generally conveyed
faithfully to the output text, there are some problems with
things like relationships between phrases and expressions,
and with tense, voice, plurals, and the position of
adverbs.

4) The content of the input text is not adequately conveyed to
the output text. Some expressions are missing, and there
are problems with the relationships between clauses,
phrases and clauses, or sentence elements.

5) The content of the text is not conveyed to the output text.
Clauses and phrases are missing.

6) The content of the input text is not conveyed at all. The
output contains improper sentences; subjects and predicates
are missing. In noun phrases, the head noun is missing,
or a clause or phrase acting as a verb and modifying a noun
is missing.
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EVALUATION SHEET 1

Once you have read and understood the preceding
instructions, please circle the appropriate score for each scale
in the evaluation section.

English Text

S03. In general, there is no precise method for
establishing 'correct' maintenance intervals, because of the
inherent variability in equipment performance and lack of
complete knowledge about the behaviour of the items concerned.
Instead, the process involves setting an interval based on an
estimate of the 'correct' value, then progressively refining the
estimate by analysis of maintenance and performance data
collected for the item.

French Translation

503. En gdn6ral, 11 y a aucune adthode prdcise pour
xn'dtablir 'correcltixintervalles d'entretien, A cause de la
variabilitd Inhdrente dansxlexmanque)etxperformance d'dquipementx
de connaissance~compldte environxle comportement des articles
concernait.y Flut6t,Xle proc6dd entralnexfixer unexintervalle
basdxsur une estimation dux'correcte'A valeur, alorsxraffinantx
progressivementl 'estimation par 1'analyse deodonndes de
performance etlentretien recuelllies pour l'article.

Evaluation Section

Intelligibility: 1 2 3 5

Accuracy: 0 1 2 3 S 6

Comments:

Ae ' xa %.* M A& C orLac1 of AC, A~rU8
.inor' CoALC4aiZ at L ,61CIha

I0 W1 -

*J'46 L0am~ ot? 4 niS~keJ.
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BVALUATION SHEET 2

Once you have read and understood the preceding
instructions, please circle the appropriate score for each scale
in the evaluation section.

Snalish Text

503. In general, there is no precise method for
establishing 'correct' maintenance intervals, because of the
inherent variability in equipment performance and lack of
complete knowledge about the behaviour of the items concerned.
Instead, the process involves setting an interval based on an
estimate of the 'correct' value, then progressively refining the
estimate by analysis of maintenance and performance data
collected for the item.

French Translation

503. En g6n6ral, lxy a aucune mathode prdcise pour
Kn'4tablirx'correct',intervalles d'entretienx& cause de la
variabilitd Inhdrente dansxla performance d'4quipementxet le
manque de connaissance compldteyenvironAle comportement des
articles concernait.x Plut6t,xle proc~dd commencexen fixant unen
intervalle basd sur une estimation duX'correcte'Avaleur. Celax
estimaitXl'intervalle pout alors 6tre raffin6Xprogressivement en
analysant deg~donxAes de performance etxentretien recuelllies
pour P'article.

Evaluation Section

Intelligibility: 1 2 4 5

Accuracy: 0 1 2 3 @ 5 6

Comments:

4air+a ~.b it ~ e ilor '4' At r A&c~o~Ak~4&

a d s cju a k e L 1  o w t e . IGO t k taa a w M atO
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EVALUATION SHEET 3

Once you have read and understood the preceding
Instructions, please circle the appropriate score for each scale
in the evaluation section.

English Text

503. In general, there is no precise method for
establishing 'correct' maintenance intervals, because of the
Inherent variability in equipment performance and lack of
complete knowledge about the behaviour of the items concerned.
Instead, the process involves setting an interval based on an
estimate of the 'correct' value, then progressively refining the
estimate by analysis of maintenance and performance data
collected for the item.

French Translation

503. Typiquement, Illy a aucune mathode prdcise pour
.gn'dtabllrx'correct'xintervalles d'entretien. Cette difficultd

survient A cause de la variabilltd inhdrente dansxla performance
d'4quipement et lexle manqur de connalssance compldte environxle
comportement des articles concernait.x Plut6t,Xle proc6d6

xentralne fixer unexintervalle qui est basdeJsur une estimation
duX'correcte'Xvaleur. CelaxestimaitXl'lintervalle est alors

Xraffind progressivement par une analyse des donndes de
performance et)~entretlen recueillies pour P'article.

Evaluation Section

Intelligibility: 1 2 4 5

Accuracy: 0 1 2 4 5 6

Comments:

Ac, A~mrmftmnczto an A-Amur do*a~ noý-
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EVALUATION SHEET 4

Once you have read and understood the preceding
instructions, please circle the appropriate score for each scale
in the evaluation section.

English Text

521. Review of Routine Servicing Intervals. The routine
servicing intervals for an aircraft are always reviewed as a
set, in conjunction with a review of the tasks performed.
Thus, the review task is essentially one of determining the
continuing validity and effectiveness of the tasks performed on
each item included in the set of routine servicings, and of the
intervals at which they are performed. In addition the
requirements must be considered in conjunction with flight
servicing and DLM requirements, to ensure that each task on each
item is performed at a single appropriate Interval.

French Translation

521. LaXrevue de Routine)CRdvisantxDesxintervalles. Lax
routinexrdvisantdes(lntervalles pour un avion sont toujours
revus comue un ensemble, dansxlaconjonction avec une revue des
tAches exdcutds.X Ainsi, la tAche de revue est essentiellement

Kune de d~terminer l'efficacitd etxvaliditd continuexdes t&ches
exdcutde~sur chaque article incluseXdans l'ensemble de rdvisionsY
de routine.et des intervalles &KlesquellesXils~sont exdcutds.
Auxsurplusxles exigencesjdoivent 6tre considdrdes dansxla x
conjonction avec leEvol irdvisantxetýDLMNexigences, &4assurerYque
chaque t&che~sur chaque article est ex~cutde & unejantervalleX
appropride seule 1

Evaluation Section

Intelligibility: 1 2 3 0 5

Accuracy: 0 1 2 3 4 5

Comments:
Z

'A&

92ree*"
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EVALUATION SHEET 6

Once you have read and understood the preceding
instructions, please circle the appropriate score for each scale
in the evaluation section.

English Text

521. Review of Routine Servicing Intervals. The routine
servicing intervals for an aircraft are always reviewed as a
set, in conjunction with a review of the tasks performed.
Thus, the review task is essentially one of determining the
continuing validity and effectiveness of the tasks performed on
each item included in the set of routine servicings, and of the
intervals at which they are performed. In addition the
requirements mubt be considered in conjunction with flight
servicing and DLM requirements, to ensure that each task on each
item is performed at a single appropriate interval.

French Translation

521. LagrevueXdexRoutine-.R1visant•Des~intervalles. LaX
routinexrdvisantkdes~intervalles pour un avion sont toujours
revus comme un ensemble, dansxlaKconjonction avec une revue des
tAches quiKsont1exdcutLs* La tAche de revue est
essentlellementgune de d6terminer 1'efficacitd etXvalidite
continueKdes tAches exdcuteX sur chaque article incluse(dans
l'ensemble de rdvisionsdey-routine* La revue,<exaaine alors les
intervalles AxJesquellest&ches valablesypour chaque article
sont exdcut4S• Auisurplusf les exigences doivent 6tre
considdrdes dansxlad onjonction avec lardvisionmdej<vol et
NiveauXDesddp6t;exigences)'entretien•' Cette$considdrationx
assurera~que toutesXt&ches pour chaque article sont ex6cut~es &
une/intervalle appropride seuleK

Evaluation Section

Intelligibility: 1 2 3 5

Accuracy: 0 1 2 3 5 6

Comments:

7jhI ;Jftc~~ as

'ra~t +0 +0. 6,M' a e4i o t .t~~'io&)

,~~1iou~~~dAM hanc eu mnez2 At d en-
en foL C.DLM) ), Dnd 4le, +e J ý d
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EVALUATION SHEET 8

Once you have read and understood the preceding
instructions, please circle the appropriate score for each scale
in the evaluation section.

Enalish Text

612. While the need to retain capability within the RAAF
relates directly to support of operations in the broadest sense,
the capability to be established for a particular organizational
element must be more closely aligned with the need of a
particular aircraft type. Maintenance capability requirements
in this case relate to the need to provide a maintenance support
organization which will enhance the planned operational
employment of the aircraft, both during peacetime and in time of
war.

French Translation

612. Le besoin de reteniryl'aptitude d'entretien dans leg
RAAF lie/directement au soutien d'op ratons d'avion dans le
sens le plus large. Cependant, l'aptitude d'entretien A 6tre
dtablie pour un particulier organizational/dldment dolt &tre
alignde 6troitement avec Ids besolns d'un type particulier
d'avion. Les exigencesKd'aptitude~d'entretien dans ce casXlientX
au besoin &Kfournirxune organisation de soutienXd'entretien qui
andliorera IlemploiopdrationnelXplanifidxde l'avion, lesKdeuxg
durantKpeacetime)etXdurantKwartine.X

Evaluation Section

Intelligibility: 1 2 3 0 5

Accuracy: 0 1 2 3 4 5

Comments:

AO1i,'-maiJk ar

A& er$Gkr aJ'0 a,~ ýo' tUepOdv CV

bwst mords o

,~ ~ koievee' ww~not~
k nrojwc4 conwey4,
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EVALUATION SHEET 9

Once you have read and understood the preceding
instructions, please circle the appropriate score for each scale
in the evaluation section.

English Text

612. While the need to retain capability within the RAAF
relates directly to support of operations in the broadest sense,
the capability to be established for a particular organizational
element must be more closely aligned with the need of a
particular aircraft type. Maintenance capability requirements
in this case relate to the need to provide a maintenance support
organization which will en'ance the planned operational
employment of the aircraft, both during peacetime and in time of
war.

French Translation

612. Le besoin de retenir(l'aptitudegdans(la Force Royale D'airx
AustralienXlie~directement au stutien d'op~rations dans le sens
le plus large. Cependant, l'aptitude A 6treKetabliespour un
particulierKorganizationabX6lment dolt Atre plus~align~ee
6troitement avec le besoinmd'un type particulier d'avion. Les
exigences d'aptitude d'entretien dans ce cas lientvau besoin &
fournir une organisation de soutien d'entretien qui amdliorera
l'emploi opdrationnel planifid de l'avion, lesideux~durantXdesK
temps de paixxet.de guerre.

Evaluation Section

Intelligibility: 1 2 3 5

Accuracy: 0 1 2 3 q 5 6

Comments:

95one.
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EVALUATION SHEET 10

Once you have read and understood the preceding
instructions, please circle the appropriate score for each scale
in the evaluation section.

English Text

304. Flight servicings comprise those servicings performed
immediately before or after a flight, or between successive
flights either to make the aircraft ready for flight or to
restore it to a condition to perform further flights. Flight
servicings are OLK tasks and include:

a. before flight servicings,

b. after flight servicings, and

c. turnaround servicings.

French Translation

304. Les~rdvisions~de voltcomprennent ces/rdvisionsy
exdcutaientlaussit6t avant ou aprds un vol, ou entre des vols
successifs l'un~oul'autrx&,xfaireXl'avlon pr~t~pourxle/vol ou &
le restaurer•&/une condition &/exdcuter davantage/vols. LesX
r vis ons,4de7XvoY dontjOLMytAches et incluent:

a. /avant vo CrdviseJ ref ion 1 a I'e yow
b. raprds/le/voljrdvisV, et tfietw 1• reb- Va4

c. turnaround/rdviseX refatbOr ( ta4r on AA

Vot
Evaluation Section

Intelligibility: 1 2 3 @ 5

Accuracy: 0 1 2 3 4 5

Comments:

1A?4~ ~ vfr~mer n , 4  J t±ranslate) A9to
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EVALUATION SHEET 12

Once you have read and understood the preceding
instructions, please circle the appropriate score for each scale
in the evaluation section.

English Text

304. Flight servicings comprise those servicings performed
immediately before or after a flight, or between successive
flights either to make the aircraft ready for flight or to
restore it to a condition to perform further flights. Flight
servicings are OLK tasks and include:

a. before flight servicings,

b. after flight servicings, and

c. turnaround servicings.

French Translation

304. Les rdvisionsxdevolXcomprennent cesxrdvisionsxqui
sont executdes aussit6t avant ou aprds un vol, ou entre des vols
successifs. Les rdvisionsXdexvolvl'unouul'autrec<prdparent
l'avion pour le vol ou le restaurentxC&unexcondition & exdcuter
davantageKvols. Les rdvisions de vol sontxt&chesx
OptrationnellesxD'entretienKDeKniveauxet incluentp

a. avant~volxr6vise,x

b. aprLsslevol rdvise,(et

c. la tournurexutour~desr6rvisions.A

Evaluation Section

Intelligibility: 1 2 3 @ 5

Accuracy: 0 1 2 3 4 5

Comments:

5M&~e Auma*~ 26 ft AU&A r. A M A&n A4- 4AUVeA

&~iCtd 4 dOtrS, Land, 00$46 iA" t4 +0 .k of r&A

.~~DWO ýJeCn ,* r not conim4z,aJ a&,- W-4i JA
Ab" dO %,+ j 'n,0r+ +od 4 'V Aww'e".
&Q 4 Aý . - Aaw-, tý Att4j9r

ARre. hw~-I 10 oe 'U, rotation d' aazjs
lornre ~or brevisions, Means aronný nundd AxktyiO6"# o~
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Evaluation sheet 15

313. La procddure de rotation d'appareils (TA) inclut certains
614ments des deux procddures de prdparation & 1'envol (BF) et
d'entretien apres-vol (AF), mais pas rioriualement leur totalite.
En general, une rotation devrait inclure:

a. un contr6le preventif d'articles critiques en vue de d~tecter
tout dommage ou toute ddtdrioration qui n'aucait pas ete
observd(e) par 1'equipage durant le vol precedent,

b. un examen visuel de 1'exterieur de l'appareil en vue de
constater tout dommage apparent,

C. rdapprovisionnement en carburant si ndceZ!,iire.
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EVALUATION SHEET 1

Once you have read and understood the preceding
instructions, please circle the appropriate score for each scale
in the evaluation section.

English Text

503. In general, there is no precise method for
establishing 'correct' maintenance intervals, because of the
inherent variability in equipment performance and lack of
complete knowledge about the behaviour of the items concerned.
Instead, the process involves setting an interval based on an
estimate of the 'correct' value, then progressively refining the
estimate by analysis of maintenance and performance data
collected for the item.

French Translation

503. En g~ndral, il'y a aucune mathode prdcise pour
,n'itablir '.correct" intervalles d'entretiei,, A cause de la
variabilitd ixhhrente dans r e .nq. et DerformaaGwe,4!_iui ment
de connalssance compJ tgnvir6od le comportement des articles
concernait. Plut6t, le Proc0d• entraine fixer une intervalle
basd sur une estimation diu 'correctl-vaieiu-r, a_ raffinant
progressivement l'estimation par l'analyse de donndes de
performance et entretien recueillies pour lParticle.

Evaluation Section

Intelligibility: 1 2 3 4 5

Accuracy: 0 1 2 3 4 5 6

Comments: -- nck,•.e ,coos,,s*,v- in ;k 6.0#j +C ,, cc•,l=ý +4%.L pas+ rlic: pLL in

1ý LLa C- L'j"' iCl'-- 0)Lu. rk~n 4~L~L.5 4 ik~s Cc-%c~rAd .. +~~ CLo * .

"r'1 krVA 1 bcsi~a-"v4 " ,,vA -, boveo, 'tdd4& C ItJd .c 4 Ld•"= s & ,A ,

CkONA. CCLO% y2 V.34Aqý% fp1
ý 1 ýeft is 0 O -~ ~ t 5

o ... .a nA ,oa .

Cian'4 Vk~ Wkj k V xCIL WCid o t kf V 4 +.v9

ýqcnds;~~ \\ Oýk 10CV Ofn~ - fciikA&A* A C MtLwIF

LA e4 plM.j. kaucc S,1
4 

-x~i" ~c v&'s "K-- r-j.~

r~ v q :e S e .~ r . j +0 4
M4 See ..- to~i mp eJ t W.IU G A 'V - ar
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EVALUATION SHEET 2

Once you have read and understood the preceding
instructions, please circle the appropriate score for each scale
in the evaluation section.

English Text

503. In general, there is no precise method for
establishing 'correct' maintenance intervals, because of the
inherent variability in equipment performance and lack of
complete knowledge about the behaviour of the items concerned.
Instead, the process involves setting an interval based on an
estimate of the 'correct' value, then progressively refining the
estimate by analysis of maintenance and performance data
collected for the item.

French Translation

503. Bn g~ndral, il.y a aucune methode prdcise pour
n'6tablir 'correct' intervalles d'entretien A cause de la
variabilitd inh6rente dans la performance ddquipement et le
manque de connaissance compldte •environ le comportement des
articles concer~ait. Plut6t, le-proc~d4 commence en fixant une
intervalle bas4_lur une estimation du 'correcte' valeur. (Eela
estimait l'intneralle)peut alors 6tre raffin 'progressivement en
ana•ysan-t-s donnies de performance et entretien recueillies
pour Particle.

Evaluation Section

Intelligibility: 1 2 3 4 5

Accuracy: 0 1 2 3, 4 5 6

Comments: 'VS'4t.p eb.' j d.k-o 5  I'4. 4
'C-.•-+

OL~ LL4f O a. ... id. sfn-co ýA~L

ýe W po~i cL a A St

COn'PL.aýr Ak~ Irc k.' Tr'C-5AIA hpnc'-L + 1 .Lý 4(,LVt
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EVALUATION SHEET 3

Once you have read and understood the preceding
Instructions, please circle the appropriate score for each scale
in the evaluation section.

Snglish Text

503. In general, there Is no precise method for
establishing 'correct' maintenance intervals, because of the
inherent variability in equipment performance and lack of
complete knowledge about the behaviour of the items concerned.
Instead, the process involves setting an interval based on an
estimate of the 'correct' value, then progressively refining the
estimate by analysis of maintenance and performance data
collected for the item.

French Translation

503. Typiquement, il y a aucune mathode precise pour
n'4tablir 'correct' intervalles d'entretien. Cette difficultd
survient & cause,de la variabilitd Inhdrente dans la performance
d'4quipement et(le le manque de connaissance compldte environ le
comportement des articles concernL.4t Plut6t, le proc~di
intralne fixer une intervalle qui at basde sur une estimation
du 'correcte' valeur. Cela esti:a l'intervalle est alors
faffind progressivement par une "ailyse des donndes de
performance et entretien recueillies pour l'article.

Evaluation Section

Intelligibility: 1 2 3 4 5

Accuracy: 0 1 2 (' 4 5 6

Comments: o¥ tS idt

+-: C~.fty ftLr COPXCc.f 0,n .e ' ~ o10
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EVALUATION SHEET 4

Once you have read and understood the preceding
Instructions, please circle the appropriate score for each scale

in the evaluation section.

English TexCt

521. Review of Routine Servicing Intervals. The routine

servicing intervals for an aircraft are always reviewed as a

set, in conjunction with a review of the tasks performed.

Thus, the review task is essentially one of determining the

continuing validity and effectiveness of the tasks performed on

each item included in the set of routine servicings, and of the

intervals at which they are performed. In addition the

requirements must be considered in conjunction with flight

servicing and DLM requirements, to ensure that each task on each

item is performed at a single appropriate interval.

French Translation

521. La revue detRoutine Rdvisant Des Intervalles. La
routLnt -~a_ -ea- i19allepour un avion sont-toujours

revus qomme u ensemble, dans la conjonct ion avec une revue des

tiches ex6cutds. Ainsi, la t'cbhede revule est essentiellement

u6e do d~teralber l'efficacitd et'validit6 continue des tAches

ii6cutde sur chaque article incluse dans l'ensemble de r6visions

de routine, et des intervalles• lesquelles 4.1 sont exdcut6s.

Au surplus les exigences doivent- tre considdries dans la

conjonction avec le vol_3 *yjsat et DLM exigences, (&,assurer que

chaque tiche sur chaque article est exdcut6e A une Tntervalle

appropri6e seule.

Evaluation Section

Intelligibility: 1 2 3 4 5

Accuracy: 0 1 2 3 4 5 6

Comments: 3Jrm vjoi S~ps 44%.L oic~^ KPA 4,o~bLA ._g

tdj/W- + I' ins"

U;C~ 4 C fl."4 of 0-1 Sw;dn.r-ck~ 5 b

elb/ra• 4- n A 0 Sr%•& " SI V.LJ, , . • tEi....€, a. t.

PC ec; 4 CV'LS . " " e SeI.~1 4ck a-s ' in +C 'A r<. Id j C

-104 -



c4 it C; 'I "s le dcOL 0

105



EVALUATION SHEET 5

Once you have read and understood the preceding
instructions, please circle the appropriate score for each scale
in the evaluation section.

English Text

521. Review of Routine Servicing Intervals. The routine
servicing intervals for an aircraft are always reviewed as a
set, in conjunction with a review of the tasks performed.
Thus, the review task is essentially one of determining the
continuing validity and effectiveness of the tasks performed on
each item included in the set of routine servicings, and of the
intervals at which they are performed. In addition the
requirements must be considered in conjunction with flight
servicing and DLX requirements, to ensure that each task on each
item is performed at a single appropriate interval.

French Translation

521. La revue de Routine Rdvisant Des intervalled. La
routine r"visant des intervalles pour un avion sont toujours
revus c nnsmnW avec une revue des tUches
exdcut#s. Ainsi, la tn-i-Kde revue est essentiellement Mae de
d~terminer l'efficacit4 et validitd continue des deux'les tAches
exdcut~e'.sur chaque article incluse dans l'ensemtgi de---visions
de routine, et les intervallest / lejquelles les tAches sont
exdcutdes. Au surplus, les ex'bt-nces dolvent 6tre consid6rdes
nIi--beeaV le vol r6vis•nt et DLM exigences & assurer que

c~rehIuIeK sur chaque article4est exdcutde & une intervalle
appropride seule.

Xvaluation Section

Intelligibility: 1 2 3 ( 5

Accuracy: 0 1 2 3 C.; 5 6

Comments: •nC -4--A.&)L t j. crt. WC. Vj 5

h06 IS
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EVALUATION SHMET 6

Once you have read and understood the preceding
instructions, please circle the appropriate score for each scale
in the evaluation section.

English Text

521. Review of Routine Servicing Intervals. The routine
servicing intervals for an aircraft are always reviewed as a
set, in conjunction with a review of the tasks performed.
Thus, the review task is essentially one of determining the
continuing validity and effectiveness of the tasks ;erformed on
each item included in the set of routine servicings, and of the
intervals at which they are performed. In addition the
requirements must be considered in conjunction with flight
servicing and DIM requirements, to ensure that each task on each
item is performed at a single appropriate interval.

French Translation

521. (La-revue de Routine -Rvisant Des intervalles. La
routine rdvi-sanT-F-es Intervalles pour un avion sont toujours
revus come un enemble, 4ans ia conjonction avec une revue des
tiches qui sont exdcut6s. La tAche de revue eot r

essentie lleeni Unie de d6terminer 1'efficacitd et~validit#
continue ,des tAches ex6cutiesur chaque article incluse dans
l'ensemble da-s"visions •e routine. La revue examine alors les
intervalles ýlekquellestAches valables pour chaque article
sont exdcutes.- Ijrplus, les exigences doivent 6tre
consid6r6es &4ans ia conjonction avec la rdvision de vol et
Niveau De ddp6t exigences D'entretien. Cette considdration
assurera que toute Aches pour chaque article sont exdcutdes A
une intervalle apprTpri6e seule.

Evaluation Section

Intelligibility: 1 2 C 4 5

Accuracy: 012 6

Comments:

- ".bL/t LL~eJ SkIO b e. r4'LWJc-d.$ +C S:

-,: .SC. 0dcA o''
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EVALUATION SHET 7

Once you have read and understood the preceding
instructions, please circle the appropriate score for each scale
in the evaluation section.

English Text

612. While the need to retain capability within the RAAF
relates directly to support of operations in the broadest sense,
the capability to be established for a particular organizational
element must be more closely aligned with the need of a
particular aircraft type. Maintenance capability requirements
in this case relate to the need to provide a maintenance support
organization which will enhance the planned operational
employment of the aircraft, both during peacetime and in time of
war.

French Translation

612. Tandis que le besoin de retenir l'aptitude dans le
RAAF lie soutenir directement d'opdrations dans le sens le plus
large, l'aptitude A 6tre 6tablie pour un particulier
organizational dl~ment doit 6tre plus a-ighde itroitement avec
le besoin d'un type particulier d'avion. Les exigences
d'aptitude dlentretien dans ce cas lient au besoin A fournir une
organisation de soutien d'entretien qui andliorera l'emploi
opdrationnel planif i de l'avion, Jes deux durant peacetime et A
temps de guerre.

Evaluation Section

Intelligibility: 1 2 3 1i 5

Accuracy: 0 1 2 3 4 5 6

Comments:

Co free" --C4-15 v'tO. j to 1%.S+1 OL 0,S~ C10

An- 4(cLr~Ld V o4 k~o ir%-% -Fm- Ejkkj-% 4A#&t frt~ " i~

+vC CLLrrc ,j ' i ovi dAMý.
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EVALUATION SHEET 8

Once you have read and understood the preceding
instructions, please circle the appropriate score for each scale
in the evaluation section.

English Text

612. While the need to retain capability within the RAAF
relates directly to support of operations in the broadest sense,
the capability to be established for a particular organizational
element must be more closely aligned with the need of a
particular aircraft type. Maintenance capability requirements
in this case relate to the need to provide a maintenance support
organization which will enhance the planned operational
employment of the aircraft, both during peacetime and in time of
war.

French Translation

612. Le besoin de retenir l'aptitude d'entretien dans le
RAAF lie directement au soutien d'op-rations d'avion dans le
sens le plus large. Cependant, l'aptitude d'entretien 6itre
dtablie pour un particulier organizational 616ment dolt 6tre
align6e 6troitekent avec les besoins d'un type particulier
d'avion. Les exigences d'aptitude d'entretien dans ce cas lient
au besoin & tournir une organisation de soutien d'entretien qul
amnliorera l'emploi op4rationnel planifid de l'avion, les deux
durant peacetime et durant wartime.

Evaluation Section

Intelligibility: 1 2 '3, 4 5

Accuracy: 0 1 2 `3 4 5 6

Comments:

_J, k,¶ 
Sý.
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EVALUATION SHEET 9

Once you have read and understood the preceding
instructions, please circle the appropriate score for each scale
in the evaluation section.

Snglish Text

612. While the need to retain capability within the RAAF
relates directly to support of operations in the broadest sense,
the capability to be established for a particular organizational
element must be more closely aligned with the need of a
particular aircraft type. Maintenance capability requirements
in this case relate to the need to provide a maintenance support
organization which will enhance the planned operational
employment of the aircraft, both during peacetime and in time of
war.

French Translation

612. Le besoin de retenir _Lapj.tude dans la Force Royale D'air
Australien lie directement au soutien d'opdrations dans le sens
le plus large. Cependant, l'aptitude A 6itre dtablie pour un
particuiier organizational 616ment dolt 6itre plus~alignde
droitemebt _vec le besoin d'un type particulier d'avion. Les
exigences d'aptitude d'entretien dans ce cas lient au besoin &
fournir une organisation de soutien d'entretien qui andliorera
l'emploi opdrationnel planifid de l'avion, les deux durant des
temps de paix et de guerre.

Evaluation Section

Intelligibility: 1 c 3 4 5

Accuracy: 0 1 2 / 4 5 6

Comments:

o.. CLCdVtrb#' O'S CkI OS CL CAv 41 ;-+1~t V-j-

Kye ck -1' J- - CLJv.-bt, 6s fci r CSo1&
-'Et~l'sk. a-d *&*J F1 ~ A ~ 1-~ ~i~~

mccU ( s.
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EVALUATION SHEET 10

Once you have read and understood the preceding
instructions, please circle the appropriate score for each scale
in the evaluation section.

Snglish Text

304. Flight servicings comprise those servicings performed
immediately before or after a flight, or between successive
flights either to make the aircraft ready for flight or to
restore it to a condition to perform further flights. Flight
servicings are OLM tasks and include:

a. before flight servicings,

b. after flight servicings, and

c. turnaround servicings.

French Translation

304. -Les rdvisions de vol comprennent ceo -!'isions
exdcutaient aussit6t avant ou aprds un vol, oa entre des vols
successifs 1'un ou l'autre & faire l'avion pr6t pour le vol ou A
le restaurer A une condition A e,74cuer davantage vols. Les
rdvisions de vol sont OLM tAches ,et incluent:

a. avant vol rdvise,

b. aprds le vol rdvise, et

c. turnaround rdvise.

Evaluation section

Intelligibility: 1 2 3 4 5

Accuracy: 0 1 2 3 C 5 6

Comments:

T4-r. C, FkiX" 11 +At112V

+0 h4A.a:Oi reC n OrcEAr + ~O aVe*'d a wea- 4.c, y C'

- 0 44 Q&es.i'4- rec3iA %I.S rvi r el . . c- 4~. fp~~
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EVALUATION SHEET 11

Once you have read and understood the preceding
instructions, please circle the appropriate score fur each scale
in the evaluation section.

English Text

304. Flight servicings comprise those servicings performed
immediately before or after a flight, or between successive
flights either to make the aircraft ready for flight or to
restore it to a condition to perform further flights. Flight
servicings are OLN tasks and include:

a. before flight servicings,

b. after flight servicings, and

c. turnaround servicings.

French Translation

304. Les rdvisions de vol sont ces rdvisions exdcutaient
aussit6t avant ou aprds un vol, ou entre des vols iuccessifs.
Ils sont exdcutds & l QIL I u re faits l'avion pr6t pour le
vol ou restaurds l'unlable condition. Les rdvisions de
vol sont OLM tiches. jIls incluent avant rdvlsions de vol,
aprds des rdvisions de vol, et turnaround rdvisions.

Evaluation Section

Intelligibility: 1 2 3 ( 5

Accuracy: 0 1 2 3 (4 5 6

Comments:

it !3ro-ufz 'P.5t9II Sa-rU;C~tjS ()s o .- kv'a %.. It, 0" n'S

3.5 C,~ 51,"56
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EVALUATION SHEET 13

Once you have read and understood the preceding
instructions, please circle the appropriate score for each scale
in the evaluation section.

Rnglish Text

313. The TA servicing comprises elements of both the BF and
A? servicings, but does not normally include all requirements of
each servicing. In general a TA servicing should include:

a. checks of safety critical items for damage or
deterioration which would not have been evident to the
crew during the preceding flight,

b. a visual examination of the exterior of the aircraft
for obvious damage, and

c. replenishment as required.

French Translation

313. Le TA r6v ant comprend des 616ments dus deux le BF et
AN rdvisions, ma-ifln'inclut pas normalement toutes(ýxigences de
chacun rdvisant. Bn gdndral un TA rdvision devralt inclure:

a. les ch6ques de s6curitd articles critiques pour le-.
dommages oiýd6tiriorat ion (---)n, auralt pas #td
6vidente & l'hquipage duranf-le vol prdcddent.

b. un examen visuel de l'ext6rieur de lavion pour le'
dommages 6videnV, et

c. replenishment come requis.

Evaluation Section

Intelligibility: 1 2 3 4

Accuracy: 0 1 2 3 ( 5 6

Comments:

C O LgS + h. +~114

Coy4.t~kA. aku..d 10 ricj- it-A- if 4'k E~ is S~n S ~ j

F4t,.aI is piums. , +4.u £lrhcAL4 in Frtf~k Ww.~st ref 14.crj týkL "I

q-5- 5;11IAdO,- 'dAmA.W~kj &CC. VAXL eI#A.J %6WiM4AS.7 44%&~cL ~a ..4 ~

114



0t ~C 4~eYA t 4U& 4- 4& 4t~c

115



EVALUATION SHENT 14

Once you have read and understood the preceding
instructions, please circle the appropriate score for each scale
in the evaluation section.

English Text

313. The TA servicing comprises elements of both the BF and
Ar servicings, but does not normally include all requirements of
each servicing. In general a TA servicing should include:

a. checks of safety critical items for damage or
deterioration which would not have been evident to the
crew during the preceding flight,

b. a visual examination of the exterior of the aircraft
for obvious damage, and

c. replenishment as required.

French Translation

313. LeTA rdvisant inclut des 616ments dus deux le BF et
AL r6visions, mais n'inclut pas norualement toUtes les exigences
de chacun r6visant. En g6ndral, un TA r6vision devrait
Inclure:--••

les c1tjques de s6curltd articles critiques pour le dommages
ou d6t6rioration que n'aurait pas 4t6 6vidente & l°6quipage
durant le vol prdc6dent,

un examen visuel de l'ext6rieur de l'avlon pour le dommages
6vident, et

le replenishment de fluides et gazer si n6cessaires.

BValuation hiction

Intelligibility: 1 2 3 5

Accuracy: 0 1 2 3 5 6

Comments:
.-O-.f~cmp"4,er yv s +a m", I e. CA~. ijt 0,6v~v~oid nat kae. baa" 'avidtt ? I 'ý W6.kaS S~.bec~t
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EVALUATION SHERT 15

Once you have read and understood the preceding
instructions, please circle the appropriate score for each scale
in the evaluation section.

English Text

313. The TA servicing comprises elements of both the BF and
A? servicings, but does not normally include all requirements of
each servicing. In general a TA servicing should include:

a. checks of safety critical items for damage or
deterioration which would not have been evident to the
crew during the preceding flight,

b. a visual examination of the exterior of the aircraft
for obvious damage, and

c. replenishment as required.

French Translation

313. La Tournure Autour r6viser inclut des dl6ments dus
deux L'avant V-61et Aprds des r6vislons De vol, mais il n'inclut
pas nouiliitent toutes'-li-s exigience-s de chacun rdvisant.
Typiquement une Tournure Autour _Ia r6vision devrait inclure:

a. les ch6ques d'articles critiques de s6curit6 pour le\.
domnages ou :f6t6rioration quggn'auraLjt pas 6t6
6viden e& 1,6quipage durant le vol pr6c6dent,

b. un examen visuel de lext6rieur de l'avion pour le
dommages 6videnf et

c. replenishment come requis.

Evaluation Section

Intelligibility: 1 2 3 C S

Accuracy: 0 1 2 3 ( S 6

Comments:

dt8un'+ VWk1'-V.a 4AAt 44ij. Wer4 Pt'r4-
Swo r db tL .j , I~ Sý. W ' fl s Uo d O Irks c 4w

COM U4,C.F.S Skeu.( be.W" utCsaS .4Fe," 6 *_ %1 oLri SSOW~

O~aniUA4 0. Sorw-3M rAALý " Qfr(I44 C as -'ckfPOs a6 J

QCL$I c5 n %OAJC4SW. frkm.•
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18 August 1992

General comments on NCR machine translation evaluation:

1. The criteria listed for the scoring gradations seemed somewhat confusing.
Specifically, for "accuracy," there seems to be too much stress on "missing" elements
in nos. 4-6. In fact, none of the translations had anything "missing" in this sense.
However, one wants to have a rating category that applies to problems that are more
severe than those listed for no. 3. So I used no. 4 for such severe problems, despite
the fact that nothing was "missing." Indeed, if the fact of "missing" elements did
not seem to gain in importance as the scale progresses from 4 to 6, I might have used
5 or 6 rather than 3 or 4 in some of my ratings.

2. In general, with machine translation the results are much worse when the
desired "transfers" (translations) for field-specific terms and phrases have not been
adequately entered into the lexicon. When the machine uses "general" meanings
for technical or field-specific terms an evaluator will be distracted by the resulting
"howlers" of mistranslation and tend to overlook the grammatical problems that
are more indicative of genuine faults of the translation system. In this evaluation,
it was striking that almost none of the variants seemed designed to show how the
system worked when all the relevant terminology had been entered. In this sense, I
think the test was unfair to the machine. Most of the variants seemed more to have
been slightly doctored by human editing than to reflect differences in machine
performance based on different parameter settings or rules put into effect for the
specific translation run.
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WV4ALUATION SHMRET 1

Once you have read and understood the preceding
instructions, please circle the appropriate score for each scale
in the evaluation section.

Xnalih Text

503. In general, there is no precise method for
establishing 'correct, maintenance intervals, because of the
inherent variability in equipment performance and lack of
complete knowledge about the behaviour of the items concerned.
Instead, the process involves setting an interval based on an
estimate of the 'correct' value, then progressively refining the
estimate by analysis of maintenance and performance data
collected for the item.

Frengh T"ranslation

503. En g6ndral, 11 y a aucune mithode pr6cise pour
n'itablir 'correct' Lntervalles dentretien, A cause de la
variabilit6 inh6rente dana Ie manque et performance d'dquipement
de connaissance compl6te environ le comportement des articles
concernait. Plut6t, le proc6dd entralne fixer une intervalle
bas6 sur une estimation du 'correctse valeur, alors raffinant
progressivement l'estimation par l'analyse de donn6es de
performance et entretien recueillies pour P'article.

Evaluatton Section

Intelligibility: 1 2 3 04 S

Accuracy: 0 1 2 3 4) S 6

Comnts:

•V:-•,•;f.•" -: •" - $. -. C'-1 "*e- 4I *• .4.,. - f e11
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EVALUATION SHUNT 4

once you have read and understood the preceding
instructions, please circle the appropriate score for each scale
in the evaluation section.

Nufflish_-Text

521. Review of Routine Servicing intervals. The routine
servicing Intervals for an aircraft are al-ways-reviewed as a
set, In conjunction with a review of the tasks performed.
Thus, the review task is essentially one of determining the
continuing validity and effectiveness of the tasks performed on
each Item included in the set of routine servicing., and of the
intervals at which they are performed. In addition the
requirements must be considered In conjunction with flight
servicing and DLII requirements, to ensure that each task on each
item Is performed at a single appropriate Interval.

French Translatkion

521. Lareu de Routine R!Lyisant Des inLtqrvailes. La
routine rdvlsant des intervalles pour un avion sont toujours
revue co ume un ensemble, dens la conJonction avec une revue des
thches exzcutds. AInsi, la tAche de revue est essentlellement
un. de d6termIner leofficacitd et vaiidltd continue des tiches
ex~cut~e mar chaque, article incluse dans l'ensemble de rdvisions
do routine, et des Intervalles I lesquelles ils sont exicut6s.
An surplus les exigences doivent Atre considdroes dans la
conjonction avec le vol rdvisant et DUE exigences, & assurer que
cheque Ohche sur chaque article cut exdcutde Ai une Intervalle
approprI6* seule.

Evaluatio 5.ctiom

Intelligibility: 1 2 3 4 )
Accuracy2 0 12 3 4

Commentst
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EVPAUATI9ON SHBBT 1

Once you have read and understood the preceding
instructions, please circle the appropriate score for each scale
in the evaluation section.

Xnalt 4sText

503. In general, there is no precise method for
establishing "correct' maintenance intervals, because of the
inherent variability in equipment performance and lack of
complete knowledge about the behaviour of the items concerned.
Instead, the process Izolves setting an interval based on an
estimate of the 'correft' value, then progressively refining the
estimate by analysis of maintenance and performance data
collected for the item.

French Tra.nslation

503. an g9ndral, i1 y a aucune methode pr6cise pour
n,6tablir 'correct' Intervalles dlentretien, & cause de la
variabillt6 inh6rente dans Ie manque et performance d'6quipement
de connaissance compl6te environ 1s comportement des articles
concernait. Plut6t, Is proc6d6 entralne fixer une Intervalle
has& s•r une estimation du 'corrects' valeur, alors raffinant
progresaivement l'estimation par l'analyse de donndes de
performance et entretien recueillies pour l'article.

Rvaluation section

Intelligibility: 1 2 3 5

Accuracy: 0 1 2 3 (S 6

Comments:
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I9VTLMON SIHET 3

once you have read and understood the preceding
instructions, please circle the appropriate score for each scale
in the evaluation section.

"nWinoliu Text

503. In general, there it no precise method for
establishing 'correct' maintenance intervals, because of the
inherent variability in equipment performance and lack of
complete knowledge about the behaviour of the items concerned.
instead, the process involves setting an interval based on an
estimate of the @correct, value, then progressively refining the
estimate by analysis of maintenance and performance data
collected for the item.

Krench 7ranslation

503. Typiquement, II y a aucune adthode pr6cise pour
n'6tablir 'correct' intervalles d'entretien. Cette difficult6
survtent 4 cause de Ia varlabilit6 Inhdrente dans la performance
d,6quipement et le It rumque do connaissance complAte environ le
comportment des acb'.es concernalt. Plut6t, le proc~d6
entraine fixer uri ýntervalle qui eat bashe sur une estimation
du 'corrects' vali.,r. Cola estImait lPintervalle eat alors
raffind progrossivement par une analyse des donn6es do
performance et entretien recuellies pour P'article.

Ivaluat ion qection

Xntelliiibilityt 1 2 3 ( S

Accuracy: 0 1 2 3 04 5 6

Comments: a St-e k I.

* TC- Y D d .e ej I P~. f Vc e A j~
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EVALUATION SHBNT 4

Once you have read and understood the preceding
instructions, please circle the appropriate score for each scale
In the evaluation section.

Baulish_ Yt

521. Review of Routlne #ervicina Intervals. The routine
servicing intervals for an aircraft are always reviewed as a
set, in conjunction with a review of the tasks performed.
Thus, the review task Is essentially one of determining the
continuing validity and effectiveness of the tasks performed on
each Item included in the set of routine servicings, and of the
intervals at which they are performed. in addition the
requirements must be considered In conjunction with flight
servicing and DLM requirements, to ensure that each task on each
item is performed at a single appropriate interval.

French Translation

521. Laevued Routine R6visant Des intervalles. La
routine rivisant des intervalles pour un avion sont toujours
revue coe un ensemble, dans la conjonction avec une revue des
tAches ex6cutds. Alnsi, la tache de revue eat essentiellesent
une de d6teruiner loefficacit6 et valldit6 continue des tAches
esxcutde sur chaque article incluse dans l'enseable de rdvisions
de routine, et des intervalles & lesquelles iie sont exdcut6s.
Au surplus lo exigences doivent &tre considdrdes dana ia
conjonction avec le vol rdvisant et DLX exigences, h assurer que
cheque tAche sur chaque article eat exdcut6e & une intervalle
appropri6e seule.

Rvaluation Sect~ion

intelligibility: 1 2 3 4

Accuracy: 0 1 2 3 4 6

Com2ents3
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nVLU-AT!ON SHaT8

once you have read and understood the preceding
instructions, please circle the appropriate score for each scale
in the evaluation section.

Inalish Text

612. while the need to retain capability within the RAAF
relates directly to support of operations in the broadest sense,
the capability to be established for a particular organizational
element must be more closely aligned with the need of a
particular aircraft typo. Maintenance capability requirements
in this case relate to the need to provide a maintenance support
organization which will enhance the planned operational
employment of the aircraft, both during peacetime and in time of
war.

French Translation

612. Le besoin de retenir l'aptitude d'entretien dans Is
3M? lie directement au soutien d'opdrations d'avion dans Il
sens le plus large. Cependant, l'aptitude d'entretien & 6tre
6tablie pour un particulier organizational 616sent dolt 6tre
aligne 6troiteuent avec lea besoins doun type particulier
deavion. Leg exigence. d'aptitude d'entretien dans ce cas lient
an besoln & fournir une organisation de soutien dlentretien qui
am61iorera l'empioi oplrationnel planifid do l'avion, les deux
durant peacetime et durant wartime.

avaluation Secion

intelligibility: 1 2 3 0 5

Accuracy: 0 1 2 3 4 (5) 6

commenlts: l4e< E-vPt'Ub G CCI- 3 .
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EVALUAT'ION SfBBT__2

Once you have read and understood the preceding
instructions, piease circle the appropriate score for each scali
in the evaluation section.

SnalisA Text

612. while the need to retain capability within the RA"
relates directly to support of operations in the broadest sense,
the capability to be established for a particular organizational
element must be more closely aligned with the need of a
particular aircraft type. Kaintenance capability requirements
in this case relate to the need to provide a maintenance support
organization which will enhance the planned operational
employment of the aircraft, both durtng peacetime and in time of
war.

nench Translation

612. La besoin de retenir l'aptitude dans la rýrce Royale D'air
Australien lie directement au soutien d'opdrations dans le sens
le plus large. Cependant, l'aptitude I itre 6tablie pour un
particuller organizational 4l6ment doit Atre plus allgnde
dtroitement avec le besoin d'un type particulier davion. Leas
exigences d'aptitude d'entretien dans ce can lient an besoin
fournir une organisation de soutien d'entretten qui anmliorera
l'emploi opdrationnel planifi de i'avton, lea deux durant des
temps do paix et de guerre.

Evawuation Section

Intelligibility: 1 2 3 0 5

Accuracy: 0 1 2 3 4 C 6

CA i Ck125
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BVALUATION SHUBT 12

Once you have read and understood the preceding
instructions, please circle the appropriate score for each scale
in the evaluation section.

pnqlish Text

304. Flight servicings comprise those servicings performed
Immediately before or after a flight, or between successive
flights either to make the aircraft ready for flight or to
restore it to a condition to perforr further flights. Flight
servicings are OM tasks and include:

a. before flight servicings,

b. after flight servicings, and

c. turnaround servicings.

french Translat.Lo

304. Los revisions de vol comprennent ces r6vislons qui
sent ex6cutdes aussit6t avant ou aprAs un vol, ou entre des vols
successifs. Les r6visions do vol l'un ou l'autre prdparent
l'avion pour le vol ou le restaurent & une condition & ex6cuter
davantage vols. Les rdvisions de vol sont tAches
Opdrationnelles D'entretien De niveau et incluent:

a. avant vol rdvise,

b. apris le vol r6vise, et

C. la tournure autour des r6vilsions.

Ivaluation Section

Intelligibility: 1 2 3 S

Accuracy: 0 1 2 3 S 6

Comments:C
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Appendix F: Graphs of Frequency Distributions of Scores

Inteigigbility -Original Paragraphs
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Accuracy -Original Pargraphs

.... .............I.~.;

. . .. .. ... ..
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Fig. 6. Frequency Distribution for Fig. 7. Frequency Distribution for
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Appendix G: Statistix Sign Test Reports

Report for Intelligibility of Researcher Guidelined Paragraphs vs Originals

SIGN TEST FOR INTORIG - INTRES

NUMBER OF NEGATIVE DIFFERENCES 2
NUMBER OF POSITIVE DIFFERENCES 6
NUMBER OF ZERO DIFFERENCES (IGNORED) 12

PROBABILITY OF A RESULT AS
OR MORE EXTREME THAN OBSERVED 0.1445

A VALUE IS COUNTED AS A ZERO IF ITS
ABSOLUTE VALUE IS LESS THAN 0.00001

CASES INCLUDED 20 MISSING CASES 0

Report for Intelligibility of Volunteer Guidelined Paragraphs vs Originals

SIGN TEST FOR INTORIG - INTVOL

NUMBER OF NEGATIVE DIFFERENCES 0
NUMBER OF POSITIVE DIFFERENCES 11
NUMBER OF ZERO DIFFERENCES (IGNORED) 9

PROBABILITY OF A RESULT AS
OR MORE EXTREME THAN OBSERVED 0.0005

A VALUE IS COUNTED AS A ZERO IF ITS
ABSOLUTE VALUE IS LESS THAN 0.00001

CASES INCLUDED 20 MISSING CASES 0
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Report for Accuracy of Researcher Guidelined Paragraphs vs Originals

SIGN TEST FOR ACCORIG - ACCRES

NUMBER OF NEGATIVE DIFFERENCES 3
NUMBER OF POSITIVE DIFFERENCES 4
NUMBER OF ZERO DIFFERENCES (IGNORED) 13

PROBABILITY OF A RESULT AS
OR MORE EXTREME THAN OBSERVED 0.5000

A VALUE IS COUNTED AS A ZERO IF ITS
ABSOLUTE VALUE IS LESS THAN 0.00001

CASES INCLUDED 20 MISSING CASES 0

Report for Accuracy of Volunteer Guidelined Paragraphs vs Originals

SIGN TEST FOR ACCORIG - ACCVOL

NUMBER OF NEGATIVE DIFFERENCES 0
NUMBER OF POSITIVE DIFFERENCES 8
NUMBER OF ZERO DIFFERENCES (IGNORED) 12

PROBABILITY OF A RESULT AS
OR MORE EXTREME THAN OBSERVED 0.0039

A VALUE IS COUNTED AS A ZERO IF ITS
ABSOLUTE VALUE IS LESS THAN 0.00001

CASES INCLUDED 20 MISSING CASES 0
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